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INTRODUCTION 


Crops grown on different soils differ greatly not only in yields but 
also in quality, appearance, and resistance to spoilage. Climate, 
water relations, biological conditions, and the physical properties of a 
soil have a great deal to do with its crop-producing capacity, but even 
with these factors at the optimum good crops cannot be obtained if the 
soil solution contains an excess of soluble salts or an inadequate 
supply of any essential plant-food element. 

One of the most effective methods for controlling the composition 
of the soil solution is treatment with fertilizers. Soluble salts of some 
of the minor fertilizer elements are toxic to plants at relatively low 
concentrations, injuring them by changing the permeability of their 
cell walls or otherwise interfering with their metabolism. The ordi- 
nary fertilizer salts are less toxic to plants and give rise to crop burning 
only when a sufficient quantity is present to develop an osmotic pres- 
sure in the soil solution that approaches or exceeds that of the plant 
sap. Water then enters the plant too slowly to compensate for that 
lost by transpiration, or it actually passes from the roots by osmosis. 
In either case, the plant withers and dies. 

The purpose of this investigation was to develop a laboratory method 
for measuring the influence of fertilizers on the concentration of the 
soil solution with a view to determining whether danger from salt 
injury is being increased or decreased by the changes taking place in 
the composition of fertilizers. The work was limited to a study of the 
ordinary fertilizer materials and mixtures which are considered to be 
nontoxic to plants below a concentration that produces plasmolysis 
in the ordinary cultivated crops. It is recognized that factors other 
than concentration determine the burning effects of solutions. Com- 
position, especially the relative proportion of divalent and monovalent 
elements, is of particular importance. The solutions recovered in this 
work from soils treated with various fertilizer materials contained 
calcium as well as the monovalent elements resulting from base- 
exchange reactions. With one exception both types of elements were 
present in all mixtures used in the tests. 


PROCEDURE 


Some fertilizer materials react with the constituents of the soil to a 
much greater extent than others. A mixture containing a high pro- 


1 Received for publication March 13, 1939. 
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portion of soluble salts that undergo fixation in the soil may therefore 
increase the concentration of the soil solution less than one containing 
a lower percentage of soluble salts that are not fixed in the soil. The 
soluble-salt content of different fertilizer mixtures cannot therefore 
be employed as an accurate measure of their influence on the soil 
solution. The method used in this investigation for determining the 
effect of any given fertilizer consisted in making a direct determination 
of the change in the effective concentration of the soil solution as a 
result of the fertilizer treatment. 

Methods proposed for obtaining the true soil solution may be 
grouped into three classes, depending on whether the solution is 
separated from the soil by (1) application of high pressure (8)’; 




















Figure 1.—Equipment for treating the soil preparatory to the recovery of the 
soi] solution. 


(2) centrifugal action (2); or (3) displacement with a liquid (3, 4, 
6, 9, 10, 14, 15). 

The displacement method has advantages over the other two 
methods in that it requires less complicated apparatus and permits 
the recovery of larger quantities of the soil solution from a soil of given 
moisture content. It was first developed by Schleesing (1/4), who 
used water colored with carmine to displace the soil solution. Ish- 
cherekov (6) used ethyl alcohol as the displacing agent and obtained 
results which indicated that the displaced solution is the true soil 
solution. Parker (10) showed that the use of such different displacing 
agents as acetone, methyl alcohol, water, and ethyl alcohol has little 
or no effect on the concentration of the recovered soil solution and 
that the displacement method is well adapted to ‘a study of the 
composition and reaction of the soil solution under any condition.” 

That the composition of the solution recovered by displacement 
approximates that of the true soil solution was further demonstrated 


8 Italic numbers in parentheses refer to Literature Cited, p. 98. 
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by Burd and Martin (3), who used the displaced soil solution from a 
portion of soil as the displacing medium for a second portion of the 
same soil. The newly displaced solution had the same concentration 
as the displacing solution, indicating that this displaced solution had 
the same concentration as the solution with which it came in contact 
in the soil. It was also shown by Burd and Martin that the time of 
recovering the displaced solution could be shortened and the yield 
of solution by water displacement increased by applying air pressure 
to the closely packed soil in a closed container. Accordingly, the 
displacement method was adopted for the recovery of the soil solution 
in this investigation. 

The fertilizer to be tested was mixed with the soil in an air-dried 
condition. The soil was then sprayed with sufficient water to bring 
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Figure 2.—Equipment for displacing the soil solution and measuring its specific 
conductivity. 


the moisture content to 75 percent of its moisture equivalent (/, 2), 
after which it was stored in a closed container until it reached a state 
of equilibrium with respect to the added moisture and fertilizer. A 
comparison of the concentration of soil solutions from samples stored 
for 1, 3, 5, and 30 days showed that storage for 5 days is ample for this 
purpose. In most of the tests the samples were maintained at 5° C. 
during storage with a view to avoiding appreciable change in the com- 
position of the soil solution as a result of biological action. The soil 
solution was finally displaced from the soil, and the effect of the added 
fertilizer was determined by comparing the concentration of the re- 
covered solution with that of the soil solution displaced from the 
unfertilized soil. 

The equipment used in the work is shown in figures 1 and 2. 

Figure 1 shows a device (a) for mixing the fertilizer with the dry soil, 
aspray gun (b) for spraying the water on the soil while it is being rolled 
on a rubber sheet, friction-top cans (c) for storing the soil, and equip- 
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ment for packing the stored soil into the displacement cylinders (d). 
The soil was transferred to the cylinders in increments of 150 gm. 
The surface of the soil in the cylinder was leveled off with the instru- 

ment (e), and each addi- 


Jo pressure gage, tion of soil was then 
reducing va/ve.ond packed in the cylinder by 
or pressure allowing the plunger (f) to 

fall three times from a 







te. height of 12 cm., as meas- 
4 shuimb ruts ured by the chain (g). 
The soils were packed to 
Rubber gasker 8 degree that permitted 
ready flow of the dis- 
placed solution without 
excessive dilution by the 
displacing medium __be- 
cause of too rapid flow or 
channeling. A 40-pound 
plunger gave the best re- 
sults with the Norfolk 
sandy loam soil used in 
the tests and a 20-pound 
plunger with the Cecil 
clay loam soil. 
Figure 2 shows the 
reducing valves and gages 
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Figure. 3.—Brass cylinder for displacing soil h), over which a filter pa- 
solutions. per was placed to support 
the soil. a 

The liquid used as displacing agent was poured over the soil in 
the cylinder to a depth of about 12 cm. The top of the cylinder was 
then closed, and after 1 hour sufficient air pressure was applied to 
cause the displaced soil solution to drop rapidly from the cylinder. A 
clear solution was recovered from both soils used in the tests except 
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when treated with excessive applications of fertilizers or with a basic 
material such as free ammonia. 

Distilled water was used as the displacing agent for soils receiving 
a large application of fertilizer, while 0.1 normal sodium chloride 
solution was used as the displacing agent for soils having a low content 
of soluble salts. In this way a marked difference was always main- 
tained between the concentration of the soil solution and that of the 
displacing agent, and the point at which further recovery of the solu- 
tion would mean contamination with the displacing agent could be 
readily determined by making conductivity determinations of succes- 
sive 5- or 10-cc. portions of the recovered solution. 

The types of conductivity cells used in the work are shown in 
figure 4. Conductivity cells A and B were used in making quick tests 


og Al 
~ Guy 
C < aan 


Figure 4.—-Conductivity cells. 






































for any change in the concentration of the recovered soil solution, 
while cells C and D were used in measuring the relative concentrations 
of different soil solutions by a determination of their specific conduc- 
tivities. Conductivity cell C was adapted for measuring the concen- 
tration of solutions having a specific conductivity below 2 10-* ohm“, 
while cell D was used for solutions having a specific conductivity in 
excess of this value. The constants of cells C and D were determined 
by the method of Parker and Parker (11). 

Specific conductivity measurements are adapted for determining the 
relative concentrations of solutions containing the same or similar 
combinations of inorganic salts, but freezing-point measurements give 
more accurate results for the effective concentrations of solutions that 
contain organic materials. As a check on the results both methods 
were used for all solutions, but the results with both methods are 
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shown only in figure 12. In all the other figures in which curves are 
shown the variation in the effective concentration of the soil solution 
with increased application of a fertilizer is expressed in terms of its 
osmotic pressure, as calculated from the freezing-point depression. 

The osmotic pressure P, in atmospheres, of an aqueous solution 
at its freezing point may be calculated (7) from the difference A, 
in degrees centigrade, between its freezing point and that of pure 
water by the equation 


Ce ELLE RTA OE SLES, | 


Values of P in this equation may be conveniently obtained from 
the table of Harris and Gortner (5) for all values of A between 0.001° 
and 2.999° C. All freezing-point determinations were made by the 
Beckmann method, which has an accuracy of +0.005° (3). 


SOILS USED IN TESTS 


Two soils were used in the tests: A Norfolk sandy loam of low fixing 
power from Edgefield County, S. C., and a Cecil clay loam of high 
fixing power from Abbeville County, S.C. Before it was used, each 
soil was air-dried and passed through a 10-mesh screen. The me- 
chanical analyses of the two soils are given in table 1. 


TABLE 1.—Mechanical analysis of soils! 


y | Cottoia 











- . Me- ms Very : 

1 P | Fine | Coarse : Fine : 4 ‘ew |(inelud- 

Type of soll | gravel | sand — sand = Bilt | Clay |" ed in 

| clay) 
_ —E —_ _ - | — 

| | | | | | — 
Percent | Percent | Percent |Percent | Percent | Percent |Percent | Percent 
Norfolk sandy loam _- | 6.0 25. 2 15.8 24.8 13. 2 8.5 6.3 4.2 
Cecil clay loam | 1.3 3.3 3.9 16.1 11.7 16. 2 47.2 41.3 
| 

















! Analysis by T. M. Shaw, Soil Chemistry and Physics Research Division, Bureau of Plant Industry. 


The pH value of the Norfolk soil used in this investigation was 5.29 
as determined by the hydrogen electrode, and that of the Cecil soil 
was 5.20. The Norfolk soil had a moisture equivalent of 5.1 percent; 
that of the Cecil soil was 26.3 percent. The volume of soil solution 
in 1,000 gm. of the Norfolk soil when its moisture content was adjusted 
to 75 percent of its moisture equivalent was therefore 36.6 cc., while 
the corresponding volume of soil solution in the same weight of Cecil 
soil was 164.9 ce. 

EXPERIMENTAL RESULTS 


INFLUENCE OF DIFFERENT FERTILIZER MATERIALS ON THE CONCENTRATION OF 
THE SOIL SOLUTION 


All fertilizer materials used directly in the tests were of c. p. grade 
with the exception of kainit, manure salts, cottonseed meal, and 
superphosphate. The materials used in the preparation of the ferti- 
lizer mixtures were of commercial grade. In calculating rates of 
application it was assumed that the surface 6-inch layer of an acre 
of dry soil weighs 2,000,000 pounds. The specific conductivities of 
the solutions from samples of a soil receiving the same fertilizer treat- 
ment usually agreed within 3 percent. Duplicate determinations 
that varied more than 5 percent were repeated. 
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The curves in figure 5 show the results obtained for the osmotic 
pressures of the solutions displaced from the Norfolk soil treated 
with increasing applications of various fertilizer materials. The 
curves show that for equal applications of plant food the phosphates 
and free ammonia have the least effect on the salt content of the soil 
solution, while sodium nitrate and the low-grade potash salts have 
the greatest effect. The order of these materials remained the same 
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Ficure 5.—Influence of various fertilizer materials on the osmotic pressure of the 
soil solution from Norfolk sandy loam soil. 


when the tests were made with the Cecil soil. Long experience with 
several of these materials shows that they fall in the same order 
under field conditions, indicating that the laboratory method gives a 
true measure of the relative influence of fertilizers on the concentration 
of the soil solution. 

The relative effects of increasing applications of different nitrog- 
enous materials on the concentration of the soil solution in Norfolk 
soil are indicated in figure 6. The curves in this figure show that the 
materials fall in the same order for all applications up to the maximum 
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used of 640 pounds of nitrogen per acre.‘ This order remained sub- 
stantially the same, as shown in figure 7, when the materials were 
applied to the Cecil soil. A comparison of the curves in the two 
figures shows, however, that when the moisture in each soil was ad- 
justed to three-fourths of its moisture equivalent the same application 
of fertilizer increased the concentration of the soil solution in the 
Norfolk soil to a much greater extent than in the Cecil soil. 

The effect of urea on the concentration of the soil solution in soils 
stored at 5° C. was usually between that of ammonium nitrate and 
ammonium bicarbonate (figs. 5 and 6) for equal applications of nitro- 
gen. At summer temperatures urea rapidly decomposes in the soil 
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Figure 6.—Influence of various nitrogenous materials on the osmotic pressure 
of the soil solution from Norfolk sandy loam soil. 


to form ammonia and ammonium bicarbonate (12). This decomposi- 
tion of one mole of urea to form one mole each of two decomposition 
products would normally tend to increase the concentration of the 
soil solution, but owing to the relatively high fixing power of soils 
for ammonia the effect of urea on the concentration of the soil solution 
was actually found to be less at 25° than at 5°. 

The striking difference in the effects of different potash salts on the 
concentration of the soil solution is shown in figures 8 and 9. The 
curves show, for example, that 80 pounds of potash as high-grade 
kainit (20 percent K,O) has about the same effect on the concentra- 
tion of the soil solution as 640 pounds of potash as potassium sulphate. 
The kainit used in the tests contained about 60 percent of sodium 

* An application of 640 pounds of nitrogen per acre, or a comparable amount of P20; or K20, is much greater 
than that ordinarily applied under field conditions. Applications up to this maximum were considered 


advisable in this investigation in order to reproduce the concentrations of salts found in the seed zone when 
fertilizers are applied in bands at the side of the seed or plant as now recommended for most row crops (14). 
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Fiaure 7.—Influence of various nitrogenous materials on the osmotic pressure 
of the soil solution from Cecil clay loam soil. 
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FicureE 8.—Influence of various potash salts on the osmotic pressure of the soil 





solution from Norfolk sandy loam soil. 
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chloride in addition to potassium chloride and smaller amounts of 
other salts. As the grade of the kainit decreases the proportion of 
sodium chloride increases. Sodium chloride contains none of the 
primary fertilizer elements, but it produces plant burning as readily as 
high-grade potassium chloride containing upward of 60 percent of 
plant food. If low-grade rather than high-grade kainit had been 
used in the tests, the differences cited would have been still more 
striking. The potash salts fall in the same order for the Norfolk and 
and Cecil soils when arranged according to their effect on the soil 
solution. This arrangement in ascending order is potassium sulphate, 
potassium nitrate, potassium chloride, manure salts, and kainit. 
That superphosphate and monoammonium phosphate have a rela- 
tively small effect on the salt content of soil solutions even for appli- 
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Ficure 9.—Influence of various potash salts on the osmotic pressure of the soil 
solution from Cecil clay loam soil. 


cations up to 1,280 pounds of P.O; per acre is shown by the curves in 
figure 10. A direct comparison of superphosphate with sodium ni- 
trate shows that an application to Norfolk soil of 6,000 pounds of the 
former has no greater effect on the concentration of the soil solution 
than 250 pounds of the latter. 

According to Parker (10), the concentration of a soil solution is 
inversely proportional to the moisture content of the soil, and while the 
product of the freezing-point lowering of the soil solution and of the 
moisture content of a soil differs for different soils and for varying 
applications of a fertilizer on the same soil, it is fairly constant within 
limits for any given soil treatment. The value of this constant, K, 
may therefore be calculated from the equation K=AM, where A is 
the freezing-point lowering of the solution displaced from the soil and 
M is the moisture content of the soil. Knowing the value of K as 
determined for a soil of a given moisture content, the approximate 
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value for the osmotic pressure of the soil solution in the soil at a 
different moisture content may then be readily calculated by substitut- 
ing K/M for A in equation 1. 


TABLE 2.—Osmotic pressures of the soil solutions from fertilized and unfertilized 
Norfolk and Cecil soils of the same moisture content 


Osmotic pressure of— 
Fertilizer treatment —__— ———— ss 


Norfolk soil solution ; 
Cecil soil 
solution, 
found for 
moisture 

=19.7 percent 


> | Found for Calculated 
Material | I ae Soe | moisture for moisture 
iii | =3.8 percent 19.7 percent} 





Pounds | | 
N Atmospheres | Atmospheres | Atmospheres 
None___- js : saptiientialiaaemmuabinmmainel None 0. 25 0.05 0.11 
Ammonium sulphate_- FE PE ED ee 80 | 1. 63 .31 | . 20 
_ Sees i ‘in iain ‘ 320 6. 35 1, 23 . 66 
Do ones ; ; seone 640 12. 60 2.44 1.39 
Sodium nitrate peas anne sai 80 3. 22 . 63 -48 
“ leh . . pian: 320 12. 26 2. 38 1.95 
Do. sathiiiy Ee OR, sid 640 23. 20 4.48 | 4.10 
Ammonium nitrate -_- scsialacnaneliiie inti xO 1, 47 . 28 | .19 
Do : é a 320 | 5. 64 1.09 | 60 
Do ; Saag cdi : 640 | 11. 44 | 2.21 | 1.52 
Ammonia : ieee i 80 5 li | -12 
Do : ; a 320 | 1.33 25 . 28 

| | 

K20 | 
Potassium chloride... > a setibaeitall 80 | 93 | .18 17 
Sere sicetasinas al 320 | 3. 44 . 66 | 37 
Do : ai ESI O. 640 | } 1,27 | . 76 
Potassium sulphate. __- SS a We 80 | 09 15 
EES REN eee shea 320 35 - 21 
Do... aidnatnacunaees aS 640 | 66 . 30 
REET LEE EL 80 | 18 13 
Do-. eaees EES eaeek eat eee 320 | 62 . 35 
Do. ee cain aiiieah Gialamas 640 1, 21 .75 
aie, SP pabeets Ts... .. nonceccnccecccccsone 80 . 62 .35 
See = , eat . 320 2.39 1.71 
Do.. ‘She . — te iat 640 | 4. 60 2. 86 

P205 

| 
Monoammonium phosphate__...--......- = 160 45 . 08 .16 
ae " P 640 1. 32 25 | 29 
56...- 5 ba a 1, 280 3. 83 74 - 45 
Superphosphate _____- sinicadinsiateaileinagill aa 160 1.10 22 -19 
en . he scien 640 1.38 27 . 64 
Do... aoe . isin 1, 280 1. 98 .39 1.09 
Double superphosphate SRA SIA eeu 160 | .42 . 08 .14 
ia ee ea P aes dimadl 640 . 78 16} -27 
_ aa SEE EE OE ae 1, 280 1,74 | . 34 .37 


In table 2 are given the osmotic pressures found for the soil solutions 
displaced from Norfolk and Cecil soils with moisture contents of 3.8 
and 19.7 percent, respectively, or three-fourths of their water equiva- 
lents, and the calculated osmotic pressures of the corresponding soil 
solutions from the Norfolk soil on the basis of a moisture content of 
19.7 percent, or the same as that of the Cecil soil. 

The results given in table 2 show that the differences in the osmotic 
pressure of the soil solution of Norfolk and of Cecil soils are relatively 
small when their moisture content is the same. It would seem, 
therefore, that the difference in the effect of any given fertilizer on the 
concentration of the soil solution in these two soils when the moisture 
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content of each is adjusted to three-fourths of its water equivalent is 
due mainly to the difference in their moisture content rather than to 
any inherent difference in their chemical and physical properties. 
The results further show that while a given application of fertilizer 
increases the concentration of the soil solution in Norfolk soil to a 
much greater extent than in Cecil soil (figs. 6 to 10) when the moisture 
in each soil is at the optimum for crop growth, the reverse may be true 
if the Cecil soil is dry and the Norfolk soil is relatively wet. 

A comparison of the last two columns of table 2 shows that the 
osmotic pressure of the soil solution in the Norfolk soil at a moisture 
content of 19.7 percent is usually greater than that of the correspond- 
ing solution from the Cecil soil of the same moisture content, and that 
these differences increase with increase in the fertilizer application. 
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Figure 10.—Influence of various phosphatic materials on the osmotic pressure 
of the soil solution from two soils. 


Although these differences are relatively small, as already pointed out, 
they appear to be larger than the limit of experimental error and 
indicate a greater fixation of fertilizer in the Cecil than in the Norfolk 
soil of the same moisture content. 


INFLUENCE OF MIXED FERTILIZERS ON THE CONCENTRATION OF THE 
SOIL SOLUTION 


The fertilizer formulas given below are typical of mixtures in use 
at different periods in the history of the fertilizer industry (13). 
Year 1880; Grade, 2-9-2 


Material: 


Pounds per ton 


Fish scrap, 6.0 percent N; 8.0 percent P,O;__-...._------- Sc ciehcide > a 
Sodium nitrate, 15.5 percent N__...............-.-.--- 7 ea Se 27 
Superphosphate, 12.5 percent P.O;__ coalesce aa ae i him eC 
a Sa aia craic) din ne we sinie ws mies eee ini oie tei Oia aces 320 

Pe tacdlinnttcuacdaGebidas bans eeewa ademas unanepbsaie 2, 000 


1Approximate percentage composition: KCl, 20; NaCl, 75; sulphates, 1; insoluble matter, 4. 
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Year 1910; Grade, 3-9-3 
Material—Continued. 


Ammonium sulphate, 20.0 poreens ee ees ee elma t 100 
Sodium nitrate, 15.5 percent N__._.______--- NE eR eae Te Pat 130 
Cottonseed meal, gS ae ae ne eee as 285 
Superphosphate, 16.0 percent P,O;_ eee piacere —— 
Manure salts,? 20.0 Seania K,O_- aan and atinwtedies 300 
EE REESE ER IRS AES yn js : 60 

Ss 5 oo Sean ane eee 5 2, 000 

Year 1937; Grade, 4-9-5 

Ammonium sulphate, 20.5 percent N----- : 166 
Ammonia, 82.3 percent N____---- ope oie ne . = 21 
Sodium nitrate, 16.0 percent N_._.._-._------ ne 63 
COU OD >) eee : . 170 
rere ere oae pao arg a 18 
Superphosphate, 19.0 pe reent P,O;--------- eee ee 947 
Potassium chloride,’ 50.0 percent K,0_. ae et oes 200 
a ieee x alien ‘ “ 224 
ee SE ee eae OS EUR Sans Se ee er ‘ 191 

3 RD eee zah> as ie asst pln eens ge als i ie cs nad amar iaieeioe 2, 000 


2 Approximate percentage composition: KC], 32; NaCl, 61; ees, 1; insoluble matter, 6. 
3 Approximate percentage composition: KC], 79; NaCl, 4; insoluble matter, 17. 


The first of the three formulas given shows that the average mixture 
consumed in 1880 contained about 2 percent of N, 9 percent of P.O,, 
and 2 percent of K,O, or a total of 13 percent of plant food. Organic 
nitrogen was the cheapest form of nitrogen at that time, and the 
organic ammoniates were therefore the principal nitrogenous materials 
used in fertilizer mixtures. The spread in the cost “of the different 
forms of nitrogen soon disappeared, however, and for a period center- 
ing around 1890 the cost of nitrogen remained about the same for the 
different carriers in which it appeared on the market. Consequently, 
the practice was developed of using equal quantities of all three forms 
of nitrogen in the preparation of mixed fertilizers. This practice was 
continued through 1910, although by that time the cost of organic 
nitrogen had become greater than that of either of the other two forms. 

The third formula, above, shows that the typical present-day mix- 
ture differs from that in use in either 1880 or 1910 in that it contains a 
fourth form of nitrogen (amide nitrogen) as Cyanamid or urea. 
Ammonia nitrogen is now the cheapest form of nitrogen, and its use in 
mixed fertilizers, as free ammonia, ammonium nitrate, and ammonium 
sulphate, exceeds by more than 50 percent that of all other forms of 
nitrogen combined. Dolomite is also used in mixed fertilizers to cor- 
rect their acid influence on the soil. It will be noted that during the 
history of the industry the P.O; content of the superphosphate used 
in mixed fertilizers has increased from 12.5 to 19.0 percent, the K,O 
content of the potash salts from 12.5 to 50.0 percent, and the total 
plant-food content of fertilizer mixtures from 13.0 to 18.0 percent. 
These formulas show that a marked change has taken place in the 
grade as well as in the composition of fertilizer mixtures. 

The extent to which these changes in the grade and composition of 
fertilizers has influenced their effect on the concentration of the soil 
solution is shown in figure 11. The curves show that the mixtures of 
1880 and 1910 are much alike in their effect on the salt content of the 
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soil solution in both Norfolk and Cecil soils, whereas the influence of 
the present-day mixture is considerably less than that of either of the 
other two. This indicates that the danger from salt injury to plants 
by fertilizers is decreasing rather than increasing, as might be sup- 
posed from the increased use of the synthetic products in mixed ferti- 
lizers. The principal factors that contribute to the decreased salt 
effect of the average present-day mixtures are (1) the increased plant- 
food content of the mixture whereby less fertilizer has to be distrib- 
uted per acre for a given application of plant food, (2) the replace- 
ment of kainit and other low-grade potash salts with high-grade 
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Figure 11.—Relative influence of typical present-day mixed fertilizers on the 
osmotic pressure of the soil solution in two soils. 


muriate, and (3) the substitution in part of free ammonia for other 
soluble nitrogenous materials. These changes, as indicated by the 
curves in figures 6, 7, 8, and 9, have a marked effect in decreasing the 
influence of fertilizers on the salt content of the soil solution. 
Formulas of three other fertilizer mixtures that have been or are 
now in general use are given in table 3. A fertilizer mixture prepared 
according to the 3-8-4 formula given in the table contains 400 pounds 
of manure salts per ton and is typical of mixtures in use about 15 years 
ago. In fertilizing cotton it was common practice to apply a mixture 
of this kind to the soil a week or so in advance of planting and then a 
like quantity of nitrogen later as a side dressing. If both fertilizer 
treatments had been made at the same time, the application would 
have been equivalent to that of a 6—8—4 fertilizer. The materials 
used in the 6-8-4 mixture (table 3) are representative of those in use 
at present. The materials composing the double-strength 6—16-8 
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mixture are also typical of those now in use. The results obtained 
with these three mixtures are shown in figure 12. The solid-line 
curves represent the changes in the specific conductivity, in reciprocal 
ohms, of the soil solution in the Norfolk and Cecil soils with increased 
applications of fertilizer, and the broken-line curves represent the 
changes in the osmotic pressure of the solutions. The two sets of 
curves show a considerable spread with increased application of the 
fertilizer, particularly on the Norfolk soil. This is due, as already 
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explained, to the solvent action of high concentrations of certain salts 
on the organic matter of the soil. 


TABLE 3.—Formulas of fertilizer mixtures of different types 





Quantity per ton in mixed 











| fertilizer— 
Material ST ae IP - 
| | 
| 3-84 | 684 | 6-16-8 
Pounds | Pounds | Pounds 
Ammonium sulfate, 20.8 percent N ; § 25% 105 
Ammonium nitrate, 35.0 percent N seeviesniilikctans itl nets 70 | 119 
Ammonia, 82.3 percent N ; . ‘ 23 | 40 
Sodium nitrate, 16.3 percent N___. ea a | 5 ee eee vere 
Cottonseed meal, 7.0 percent N ; 286 | 343 343 
Superphosphate, 16.0 percent P2Os iedinpiteate 1, 000 Seen Wee 
Superphosphate, 20.6 percent P205 ce 777 | 294 
Double superphosphate, 48.8 percent P2O;_ : : | 535 
Manure salts, 20.0 percent K20 400 | . eee ee 
Potassium chloride, 60.1 percent K2,0- : a 133 266 
Ee : oat | 402 298 
Filler (sand) - —_ aninest ; | 95 


|----------|---------- 


OR oe ent iat tees 2,000 | 2,000 | 
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The curves of figure 12 also show that the double-strength 6-16-8 
mixture has less effect on both the conductivity and osmotic pressure 
of the soil solution than the 6-8-4 mixture and that the effect of this 
mixture is less than that of the single-strength 3-8-4 mixture in use 
about 15 years ago. This relationship holds true for both soils and 
for all applications up to the maximum of 1,280 pounds of P.O; per 
acre, equivalent to 8 tons of the 6-8-4 mixture or 4 tons of the 6—16-8 
mixture. Such high applications are never made broadcast, but in 
band placements concentrations of this order may often be approached 
in the vicinity of the seed zone. 

It should be emphasized that while a double-strength mixture 
prepared according to the formula of table 3 has less effect on the 
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Ficure 13.—Relative influence of single- and double-strength mixed fertilizers 
on the osmotic pressure of the soil solution in two different soils. 


concentration of the soil solution than the corresponding single- 
strength mixture, this need not necessarily hold for all types of 
mixtures. Thus the curves in figure 13 show that the double-strength 
6-20-10 mixture prepared according to formula A of table 4 has less 
effect on the concentration of the soil solution of the soils used in the 
tests than the corresponding single-strength 3—-10-5 mixture, but the 
reverse is true when the double-strength mixture consists of Ammo- 
phos, sodium nitrate, and low-grade potash salts, as specified in 
formula B of table 4. Ammophos, sodium nitrate, and the different 
grades of potash salts are extensively used in fertilizer mixtures, but 
a mixture prepared from these materials only does not contain an 
adequate proportion of the secondary plant-food elements, and it is 
therefore not to be recommended for continued use on soils deficient 
in these elements, 
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TABLE 4.—Formulas of single- and double-strength fertilizer mixtures 





Quantity per ton in mixed 
fertilizer— 














Material | 6-20-10 
3-10-5 memes ine 
| oA B 
ee ee SS = —— - —E 
Pounds | Pounds | Pounds 
Ammonium sulfate, 20.8 percent N__............-_--.-..--- ‘ sap 100 | eee 
Ammonia, 82. 3 perce nt N. ee speuaiok 30 4 Se 
Ammophos A, 10.7 pe reent N; 48.0 percent P »05_- Sarre canbe abaeks SE a ee 833 
Sodium nitrate, 16.3 percent N LE BEDE N RTS Ee 49 98 190 
Cottonseed meal, I Tl ed cicictaienalin tna ncinmpencen cocci Gubbidieiiinisteiniaegieiod 100  ) 
Superphosphate, 20.4 percent Rae i acenablaclcticdsdeticinakaalpans iedeiassueandiaed 9S] » See 
Double supe Dein aoe 46.7 percent P20s5_-____-- PESTER EA ; : ~) ee 
Potassium chloride, 60.2 percent KxO__.....___.__- i alnchncasah matlpnigiteniiasta 166 | ER 
Manure salts, 20.5 percent K2O____- eS: Er ee oa me 977 
CT Ae EAC ee A FE ee haieclbisdiaaiena 126 ~ 252 aaah 
ORE SEER See NR SS ESOC Le Ae. a ee 
PRS ee nN Oe ee ee Dee eoriadahieindylpeth 2, 000 2, 000 2, 000 








It should be further emphasized that the relationship usually found 
between the total plant-food content of typical fertilizer mixtures and 
their effect on the soil solution does not necessarily hold true if the 
ratios of the plant-food elements in the mixtures are not the same or 
if the plant-food content is increased without corresponding decrease 
in the rate of application to the soil. Thus, the danger from burning 
for a given application of a 4-8-8 fertilizer ‘mixture would be greater 
than for the same application of a 4—8—4 fertilizer of similar composi- 
tion, but this would not hold true for half the application of the cor- 
responding double-strength or 8-16-8 mixture. 

It may therefore be concluded (1) that the effect of fertilizers, pre- 
pared according to present commercial practice, on the salt content of 
the soil solution decreases as a rule with increase in the plant-food 
content of the mixture when the ratio of plant food remains the same, 
and (2) that danger of salt injury in the use of typical present-day 
mixtures is less than that from mixtures formerly used, even when the 
nitrogen in the older type mixtures is applied to the crop in split 
applications. 

SUMMARY 


A study was made of the effect of fertilizers on the concentration of 
the soil solution in Norfolk sandy loam and Cecil clay loam soils. 
The procedure followed consisted of mixing the fertilizer to be tested 
with a sample of soil, adjusting the moisture content of the soil to 75 
percent of its moisture equivalent, allowing it to stand at 5° C. for 5 
days, separating the soil solution from the soil by the ptt tac 
method, determining the concentration of the solution by freezing- 
point depression measurements, and comparing its concentration with 
that of the solution recovered from the unfertilized soil. 

For equal applications of plant food the phosphates and free ammo- 
nia had the least effect on the concentration of the soil solution of 
both the soils used in the tests, while sodium nitrate and the low- 
grade potash salts had the greatest effect. 

The extent to which a fertilizer increased the concentration of the 
soil solution was much greater with the Norfolk soil than with the 
163005—39——2 
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Cecil soil. The difference in the osmotic pressure of the soil solutions 
of the two soils largely disappeared, however, when their moisture 
content was the same. 

Comparison of the formulas of fertilizer mixtures representative of 
those in use at different periods in the history of the fertilizer industry 
shows that a marked change has taken place not only in the grade but 
also in the composition of mixed fertilizers. 

Mixtures typical of those in use in 1880 and in 1910 are much alike 
in their effect on the concentration of the soil solution, whereas the 
influence of the average present-day mixture is considerably less than 
that of either of the other two mixtures. The reduced effect of 
present-day mixtures on the salt content of the soil solution is due (1) 
to the increased plant-food content of the mixture whereby less fer- 
tilizer has to be distributed per acre for a given application of plant 
food, (2) to the replacement of kainit.and other low-grade potash salts 
with high-grade muriate, and (3) to the substitution in part of free 
ammonia for other soluble nitrogenous materials. 

While the effect of fertilizers on the concentration of the soil solution 
does not necessarily decrease with increase in the grade of the mixture, 
this relationship holds true, as a rule, for mixtures of the same plant- 
food ratio when these are prepared as in present commercial practice. 
It is possible to prepare a 6-8-4 mixture from present-day materials 
that has less effect on the salt content of the soil solution than the 
3-8-4 mixtures formerly used. The results indicate that danger of 
salt injury from typical present-day mixtures is less than that from 
mixtures formerly used, even when the nitrogen in the latter mixtures 
is applied to the crop in split applications. 
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A THREE-DIMENSIONAL LATTICE DESIGN FOR 
STUDIES IN FOREST GENETICS! 


By Bessz B. Day, associate statistician, and Luoyp Austin, in charge, Institute of 
Forest Genetics, Forest Service, U Inited States Department of Agriculture? 


INTRODUCTION 


The logical procedure for the improvement of all wild stock of any 
kind, whether plant or animal, is practically the same: segregation 
of varieties, races, and strains of the wild population; the evaluation 
of the characteristics of each group; the selection of the best individ- 
uals from each of the best strains; utilization of these in breeding 
and selection; and finally the production of new types (5).° 

In forest genetics, both in breeding and in mass reforestation, the 
initial step involves seed selection. It is evident that there are many 
valuable inherent characteristics in forest trees. These need to be 
discovered, isolated, and defined. The measure of heredity is to be 
found in the offspring. Seeds from individual seed trees must be 
collected and sown and the behavior of the progeny therefrom studied. 
This necessitates the making of fairly extensive progeny tests. 

The same difficulty arises in individual seed-tree progeny studies 
as in other plant research in varietal testing—the lack of homogeneity 
of the medium, soil, in which such tests are to be made. It is a well- 
established fact that there is much variation even in soil which seem- 
ingly has the most constant texture and quality and that the varia- 
tion is reflected in the growth of the plants to such an extent that 
variety difference may be so completely obscured as to be lost entirely. 
It is only when the area is exceedingly small that soil effects may be 
ignored. As the number of varieties to be tested increases, the area 
necessary for a complete set becomes increasingly larger and the 
variation of soil and other growing factors are likewise magnified, 
resulting in what may be a considerable lack of precision. All at- 
temps to solve this problem proved unsatisfactory for one reason or 
another until Yates (7, 8, 10) conceived the idea of arranging the varie- 
ties in a series of small ’blocks, instead of the previous arrangement 
in one block, distributing them in such a way that a variety variance 
could be calculated which would be freed of block effects. This 
would yield an error variance appropriate for making significance 
tests of differences found in the measurements of the varieties of 
progenies. Designs on this principle, termed “quasi-factorial” and 

“incomplete randomized blocks,” are readily adaptable to all phases 
of agronomy where varietal tests are made. 

The theoretical aspects of this type of design have been treated in 
earlier writings (3, 7, 10). It is believed, however, that the applica- 
tion of this design to a particular field problem will be of interest in 

1 Received for publication December 5, 193. 
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for proposing this type of design for the experiment; to F. Yates, chief statistician, Rothamsted Ex 
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P, M. Barr, Division of Forestry, University of California, who made numerous suggestions leading to a 


more precise presentation. 
3 Italic numbers in parentheses refer to Literature Cited, p. 118. 
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that it affords an exact test of the effectiveness of the design in ironing 
out heterogeneity. For this purpose the description is here given 
of such a design as applied to the progeny test nursery planted in April 
1937 at the Institute of Forest Genetics, Placerville, Calif.,* and the 
procedure that was followed for correcting the resulting data and 
making tests of significance of differences. Actual data are employed 
and the appropriate statistical procedure has been carried through on 
germination counts. In these data factors known to produce varia- 
bility of conditions were actually introduced, as in the watering of 
sections of the experiment at unequal intervals. Their influence was 
reflected in the results. With the application of the correction pro- 
cedure such effects were eliminated. 

The objectives of the 1937 tests were as follows: (1) To determine 
the hereditary nature of the numerous local strains of ponderosa pine 
occurring in the various localities through El Dorado County, Calif., 
including probable casual relationships with elevation and other 
factors of the seed-trees’ environment; (2) to discover which individual 
seed trees in each strain, or in each elevational belt, have the inherent 
ability to produce the most rapidly growing offspring, as determined 
by measurement of the height, diameter, and branching of the 
progenies. 

The experiment was limited to 729 seed selections or strains, 696 
ponderosa pine (Pinus ponderosa) and 33 Jeffrey pine (P. jeffreyi), 
gathered from 17 consecutive 500-foot altitudinal zones in what was 
known as the El Dorado transect, an area in El Dorado County, 
extending less than 100 miles across the main range of the Sierra 
Nevada and about 50 miles parallel to the range. Some of the seeds 
were obtained from the same trees but in different years. In many 
cases two or more of the seed trees were growing in the same field 
plot. It was desired to design a nursery in such a way that measure- 
ments on progenies would be available free from the influence of all 
heterogeneity in growing conditions and with an estimate of error 
adequate for testing the significance of differences between particular 
progenies. 


THEORETICAL BASIS AND DESCRIPTION OF THE DESIGN 


The design best adapted to the testing of an unusually large number 
of varieties is termed the ‘“‘three-dimensional quasi-factorial”’ with 
three groups of sets (‘‘pseudo-factorial” in earlier publications), or 
more simply, the cubic lattice design (6). The initial requirement is 
that the number of varieties tested be a perfect cube. In this experi- 
ment 729, or 9°, individual seed selections were made. Nine plots or 
varieties were grouped together to make up a block. It follows, then, 
that 81 blocks are needed for one complete replication. It was 
believed that this block size was sufficiently small to eliminate unavoid- 
able heterogeneity therein. Fundamentally this process of arranging 
fewer than the total number of treatments (individual seed selections) 
in a block, in other words more than one block to a replication, results 
in confounding (10). Some of the information on treatment or 
interaction effects is sacrificed by being entangled with fertility 
differences between blocks in order that the precision may be increased 
through a reduction of the standard error due to elimination of block 
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differences. Where the bieecapnle of the medium of the experi- 
ment is pronounced, the net gain ty more than balance the loss in 
efficiency, as will be demonstrated in this experiment. Here there 
will be a partial confounding of main effects with block effects. 

To overcome this complexity, all the plots in a replication were 
grouped in the 81 blocks in 3 different ways. The chief requirements 
for these three were that each indiv idual seed selection be planted 
not more than once in the same block with any other mandlenlin seed 
selection and that the blocks of each group should cut across those of 
the other groups. This will be demonstrated in greater detail a 
little later. Comparisons between the nine progencies within a block 
may be made directly, but the information on the difference between 
progenies not occurring in the same block will be entangled with 
block differences and must be arrived at indirectly through cross-block 
comparisons. Likewise, the direct information for progenies in the 
same block will be enhanced by similar cross- -block sources. The 
information available on the differences between pairs of progenies 
will not be equally precise for all possible comparisons. Instead 
there will be 3 degrees of precision, hence 3 standard errors, corre- 
sponding to the relative position of the seedlings. 

The 3 groups, which in the subsequent discussion will be called 
the X, Y, and Z groups, were each replicated 3 times, making alto- 
gether 9 replications, or a total of 6,561 plots in 729 blocks. The 
only difference between the 3 replications of a group was the inde- 
pendent randomizing of the plots within each block. This design, 
as will be shown, yields a proper correction factor for each progency 
which, when applied to its average, eliminates differences due to 
block effects. 

So extensive an experiment requires some systematic numbering 
scheme. The method adapted from Yates (7) was to designate each 
variety (seed selection) by a three-digit number as wow, in which uw, 
v, and w always remain in the order wow but each may take 9 different 
values. There will be 9°=729 different combinations of the 9 numbers, 
or sufficient for the total ee en of strains select ed. This system is 
illustrated in figure 1, where a cube of dimension 9 is divided into 729 
sections and numbered accordingly. Beginning at the upper front 
edge and reading to the right, w takes on the values 1 to 9 while v and 
w remain constant, as 111, 211, 311 _____- 911; reading down from 
the same starting point w varies from 1 to 9 while u and v are constant, 
on 454, BGs, S05... 119; finally reading in the third direction, as 
the » arrow points, u and w are constant and v changes from 1 to 9, 
as 111, 121, 131_.__..__ 191. Each individual seed selection was given 
one of these 729 numbers which it carried throughout the experiment. 
No restrictions were placed on the order in which they were made. 
However, it was desired for technical reasons to have the plots in one 
replication appear as nearly as possible, without destroying the 
validity of the test, in the order of the elevation of the seed source, and 
so the numbers were assigned after the groupings, described in the 
next paragraph, were effected, and before the plots within the blocks 
had been randomized. 

Referring again to figure 1, the divisions of plots into sets may be 
readily accomplished for the three groupings mentioned above, heed- 
ing only the restrictions that no two strains appear together in the 
same block i in more than one of the groups, whe that the sets of each 
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division be so arranged that they cut across those of all the other 
divisions. Cutting the cube by two sets of parallel planes through the 
intersections—the first set parallel to the right-front face and the 
second parallel to the upper face—yields 81 blocks, each nine plots 
(small cubes) long. The numbers 111, 211, 311_____- 911, form a 
set, another is 112, 212, 312______ 912, and so until 81 such blocks 
are designated. It will be noted that in each of these sets or blocks 
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FiaurEe 1.—Cube to illustrate the method for determining the sets in the X, Y, 
and Z groups for the three-dimensional lattice progeny test nursery. 


vw numbers are constant and wu varies from 1 to 9. This group of 81 
sets or blocks was designated by the letter X, and each block number 
is formed by the combination of its constant vw and small z, e. g., 112, 
= etc. Group X is given in detail in the first vertical section of 
table 1. 

Passing planes through the cube parallel to the left front face 
and then horizontally cuts across the sets in the first group making 
certain that no two plots which appeared together in the X group are 
now together. The new sets form the Y group. In these u and w 
are constant and »v varies from 1 to 9. One such block is 111, 121, 
131 ___.-- 191; another 911, 921, 931 __---- 991. Consistent with 
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the first group these would be blocks lly and 9ly. The second vertical 
section of table 1 shows the sets of the Y group. 


TABLE 1.—Numbering system for progenies in the 1937 progeny test nursery, showing 
block assignments of plots for groups X, Y, and Z 


























— 
—y Group X (.ew) | — Group Y (u-w) = Group Z (uv-) 

|__| * eS = 
iz | 111 211 311 _.. 911 | ly | 111 121 131 _.. 191 1iz| 111 112 113 _.. 119 
12r | 112 212 312 __ 912 | 12y | 112 122 122 _-. 192 12z | 121 122 123 _.. 129 
13x | 113 213 313 _.. 913 | 13y | 113 123 133 _.. 193 132 | 131 132 133 _.. 139 
192 | 119 219 319 _.. 919 19y | 119 129 139 ... 199 19z | 191 192 193 _.. 190 
iz | 121 221 321 _.. 921 21y | 211 221 231 __. 291 2iz | 211 212 213 _._ 219 
22r | 122 222 322 _.. 922 22y | 212 222 232 ___ 292 222 | 221 222 223 _.. 299 
mr | 123 223 323 --- 923 | 23y | 213 223 233 _.. 293 232 | 281 232 233 _.. 239 
292 | 129 229 329 ... 920| 29y | 219 229 239 _.. 299 292 | 291 292 203 _.. 299 
Biz | 131 231 331 _.. 931 | 3ly | 311 321 231 _.. 391 31z | 311 312 313 _.. 319 
32r | 132 232 $32 __ 932 | 32y | 312 322 332 _.. 392 32z | 321 322 323 _.. 329 
33 | 133 233 333 _.. 933 33y | 313 323 333 _.. 393 332 | 331 332 333 _.. 339 
‘ e ° ‘ e | ° > ° . * . ° e . a 
30 | 139 239 339 _.. 939 | 39y | 319 329 339 _-. 399 392 | 391 392 393 --. 399 
giz | 191 201 391 _.. 991 | ly | 911 921 931 _.. 991 Qiz| 911 912 913 _.. 919 
g2r | 192 292 392 __. 992 92y | 912 922 932 __. 992 922 | 921 922 923 __. 929 
93z | 193 203 393 _-. 993 93y | 913 923 933 _.. 993 93z | 931 932 933 _.. 939 
gor | 199 299 399 999 | 99y | 919 929 939 _.. 999 992 | 991 992 993 ... 999 














The third and last or Z group of sets, which cuts across each of 
the other two groups, is formed from the cube by passing sets of planes 
in both vertical directions. The blocks will stand vertically in the 
figure. Block 112 will be 111, 112, 113 -___-- 119 while block 912 
is made up of plots 911, 912, 913 ____-- 919, as in the last vertical 
section of table 1. 

Groups X, Y, and Z were each replicated three times in the nursery, 
making nine complete replications for each progeny. 


DESCRIPTION OF NURSERY BEDS 


The most desirable set-up, both from the standpoint of the technical 
phases and of the field work, was to use beds 4.5 feet by 48 feet, running 
north and south. Each bed was divided into 288 plots 1% feet long 
and 6 inches wide running across the bed, making 3 plots to the width 
(north, center, and south) and 96 to the length. Nine plots at each 
end were kept as guard plots, leaving 270 test plots in each bed, 
which would yield 10 blocks of 9 plots each in each of the north, center, 
and south positions (figs. 2 and 3A). Each test plot held a row of 
6 spots spaced 3 inches apart and planted to 6 seeds each; later these 
were to be thinned to one seedling per spot. Thus a replication of 
the 729 seed selections, each represented by 1 plot, required 2.7 seed- 
beds; and the entire set-up of 9 replications, 24.3 beds. 
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Figure 2.—Illustration of arrangement of plots and blocks in a typical nursery bed (bed No. 1). 
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For the first replication the strains were listed 
so that certain ones (usually in order of elevation) 
would appear together in the same block and 
particular blocks would come in consecutive 
order, but every precaution was taken to insure 
that the plot positions within these blocks, as 
well as those in all the other replications, be 
determined in a random manner. To equalize 
any effect due to longitudinal position in the seed- 
beds each particular block, of which there were 
three replications, appeared once in each of the 
three positions, north, center, and south. It was 
not essential that every plot in the nursery be 
subject to exactly the same treatment simul- 
taneously—that is, that they be sown, watered, 
etc., on the same day, or receive the same amount 
of water—but only that precaution be taken that 
those within the same block be treated closely 
alike. To insure a completely random experi- 
ment it was decided to randomize the blocks 
within each of the longitudinal positions with the 
exception of replication Y, in which the blocks 
occurred in consecutive order. Tippett’s Ran- 
dom Sampling Numbers (4) was used for this 
work. 


For recording the field data with efficiency and 
rapidity in a design as complicated as this, forms 
must be devised to fit particular measurement, 
the total for the plot, and the total for the block. 
In the example here described, the germination 
count data, days from time of planting until 
germination, were recorded on the original sowing 
charts of which figure 2 is a sample. 


OUTLINE OF PROCEDURE FOR CORRECTING 
MEASUREMENTS 5 


As previously stated, the chief purposes of this 
design were to eliminate differences in progenies 
which might be due to soil or other treatment 
heterogeneity under which the individual prog- 
enies have been growing and to arrive at a 
valid estimate of error for making individual 


5 Very recently Yates has done considerable additional work on the 
development of methods for the recovery of the interblock information. 
Since this paper was presented forJpublication, he has very kindly made 
available to the authors his results (in manuscript form) ou the three-dimen- 
sioned lattice. By a somewhat different computational procedure from 
that outlined here, it is possible to determine an estimate of the interblock 
variance, freed from varietal effects. Adjustments to the varietal means 
where the interblock and intrablock comparisons are correctly weighted 
may then be made. While the amount of computation required for this 
analysis is a little more than that described here, it yields a larger efficiency 
factor which is also always greater than that for the ordinary randomized 
blocks, except for the limiting case when there is no reduction of variance 
due to the use of smaller blocks. When interblock information is igaored, 
the efficiency factor is not always greater. 
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Figure 3.—A, General view of the entire progeny test experiment. B, Bed 16, 
right, was watered immediately after sowing; bed 17, left, was watered sev eral 
days later—an example of an unavoidable difference that may occur in treat- 

ment and illustrating the need for a design that will eliminate variations due 
to such causes. 
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comparisons. The analysis of variance takes the following general 
form: 





Sum of Mean F 
squares square 


Degrees of freedom 











I Re Gi Ser Fc cecccdscncacccncsceseonseeounnees 
es Ore ee at A pee eee ee ae 
ee, ee | EE Se ee! eae De cede sera: “ES 








Total (3np 3—1)=6,560___..-..--_- a a Sa ee | Ree ten 


Where p=9, the number of plots to the block 
p *=81, the number of blocks in each replication 
p *=729, the total number of progenies or strains 
n=3, the number of replications of each of the three groups 
3n=r=9, the total number of replications 
3np? =729, the total number of blocks in the nursery 
3np *=N =6561, the total number of plots in the nursery 


The usual procedure may be followed in computing the sum of 
squares corresponding to the 728 degrees of freedom for the blocks and 
the 6,560 making up the total. As has been pointed out earlier, the 
block differences have been confounded with progenies (varieties) and 
hence there will be no valid mean square for blocks. 

The first step in determining the sum of squares due to progeny 
differences is to apply a correction factor to the gross average for 
each variety which will eliminate the differences due to soil and treat- 
ment heterogeneity, leaving a value which is truly representative of the 
particular strain insofar as its characteristics were embodied in the 
seeds sown. A cubic lattice with dimensions p may be likened to a fac- 
torial experiment (7, p. 432) involving three factors each with p values. 
The main effects of each of these factors would be confounded in two of 
the three groups or replications and the p*-1 degrees of freedom (here 
strains) for treatment would be as follows: 


a ae ee ae ee oe ee p-l 
eee sie Gk tsk elms Seges ae ee p-l 
pS ERTIES EES Pe ee p-l 
Interactions: 
aves Wet. CAR BE, Be one hose cccesecssccsens 3 (p—1) (p-1) 
NG COU CRN ons asccddnecsusanecnssnwuns (p-1) (p-1) (p-1) 
PN ndtbkcnciinn taht nas cacandan eae wines a p*-1 


The precision of the estimate of the main effects would be just one- 
third that of an unconfounded experiment with the same error vari- 
ance per plot; that for the first order interactions would be two-thirds, 
while the second order would be entirely free of confounding. 

In this progeny test the interest lies in the differences between single 
progenies rather than main effects and interactions. Estimates of the 
yield for each variety or strain may be expressed in terms of the gross 
mean yield, the main effects, and the interactions, the latter two being 
equivalent to removing differences due to soil or treatment hetero- 
geneity. For factorial experiments involving two or more factors 
(9, pp. 12-13) the yield of any treatment combination is equal to the 
mean yield and the sum of plus or minus one-half of all the main 
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effects and interactions. Analogous to this, the formula (7, p. 436) 
for the estimate of an individual strain, t,,,,., is 


oo net o ee ee 
bow — Mest LOL wt Mu wt Muv.) —5(My..+ Mo. MM el 


+3(%,., t¥.,.+2,.)—5(X wt ProtZus) ‘ie i ain eee ee (1) 


Where Mus is the mean yield of the nine replications of a strain, the 
first and the third quantities within parentheses are considered main 
effects and the other two interactions. This formula has been devel- 
oped in a detailed manner, but the procedure has not been included 
here since itinvolves considerable algebra inappropriate to the purposes 
of this article. 

For a better understanding of the terms making up the above 
formula a brief explanation of the mathematical notation is needed. 
Subtotals of all the plots (3 of these) in each of the three groups which 
are numbered exactly alike are designated Xyowo, Yuew, ANd Zuo, Tespec- 
tively, while the total of the three groups (9 of these) is called Tyo. 
In table 2 the first item in section 1, 82, is the sum of the three plots in 
the X group with the number 111; in section 2, 77 is the sum of the 
three plots in the Y group with the number 111, and finally in section 
3, 79 is the sum of the three 111’s in the Z group; and the total of all 
these is 238 in section 4. A dot appearing in place of the u, v, or w 
in a subscript indicates a summation of all plots whose numbers in the 
same position as the dot range from 1 to 9; 1. e., X,. is the summation 
of all plots with the same vw but with uw ranging from 1 to 9, and X_.,, 
that of all plots with w constant but all values of wu and v. Thus 674 
is the sum of the 27 progeny measurements in group X whose num- 
bers end in 11; and 6,549 1s the sum of the 243 progeny values in group 
X with w—1, uv and v taking on all values from 1to9. This notation 
is extended for all terms with wew subscripts and is quite adequate for 
all summations. The corrected progeny mean is denoted t,,»,. while 
t ow, tu, and t,, are the average progeny means for the nine progenies 
having constant rw, uw, and uv designations. For ease of computation 
it has been found desirable to combine certain of the correction terms 
into three symmetrical parts, designated C., Cy», and C,,. Their 
composition and consistency will appear from the discussion to follow. 

It is now possible to show the application of formula (1) to the data 
at hand, as follows: 

ps 


uow 


Muw= 3 (section 5 of the first nine computational tables of which 
at table 2 is a sample); 

Mow, Muy», ANd Miyp.—the same average of 3np (or 81) plots making 
up Tew, Tu, and Ty»., respectively (section 4 
of the series of 10 tables); 

My.., M.»., ANd M....—the average of 3np? (or 729) plots in T,.., 7’.,., and 

T..~, Tespectively (section 4 of the series of 

10 tables); 


X,.., Y.,., and Z..,.=the average of np? (or 243) plots making up 
Xy.., Yu», and Z..., respectively (sections 1 
and 2 of the last table of series [table 3], and 
section 3 of the first 9 [table 2]; 
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And, finaly, 


X. ow» Yurwy ANd Zyy. =the average of np (or 27) plots in X..u, Yu-w, and 
} sane ely, sections 1 and 2 of the first 9 tables [table 2] 
and, section 3 of the last of series [table 3]. 
For computational work a slightly different form has been found 

most suitable. ay: the bpp in formula (1) gives— 

a T sow i ow w 

fume 3n ; i aL ane 
o * ow ) 
+5 ee np* +oy -3| 43 +oe 4 Man | 


which may be reduced to 








_ TD oew 1 
fue Bn Tt énp | PT 3pX.w—T.,.+3Y. o [tga OTe 
—3pVu.0—T..»—3Z.. «|ten + inp? s [pT ue-—3pZue.— Ty.. +3.Xy..] 


With the terms containing the brackets represented by C..., Cu-», and 
C... the formula for correcting an individual progeny becomes— 


buow= “E40. wt C,. wot Cue. (2) 
It will be seen later that the computation of the C’s is a very simple 
matter. C,.. and C,.,. appear in the margins of section 5, table 2, 
Cy»: in section 5, table 3. Table 2, section 6, gives the corrected mean 
germination days of the 81 progenies so numbered that w=1. There 
will be similar sections for w equal to 2, 3, -_---- 

Using the corrected progeny means it would be possible to find the 
sum of squares for progenies by the usual procedure. It can be proved, 
however, that the same results may be arrived at with the formula— 
SS (corrected progeny total) 


-_ | a ny [= (X. owt. ow) + Z(Yu-wbu-w) +2 (Zuo-tue-)] (3) 


and with very much less work. 
Had there been no confounding in this experiment, the variance 


of every comparison between pairs of progencies would have been 
9) 2 


«8 ° . . . 
778 being the error value determined from the analysis of variance 


table and r the number of replications. Because of the confounding, 
pairs of progenies will be classified in three ways on the basis of their 
relative block locations, for comparison by means of the variance of 
the mean difference. The variance for each of these is expressed in 
the following three formulas— 


V(tu—tu)= 75 (°+P+1) ---------------- (4) 


essneabiaaiin -------------- (5) 


2 
V (tea— ty) = 2p*+ 3p +6) ihe iat palin (6) 
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depending on whether the progenies differ in one, two, or three of the 
letters urw. 
The mean variance of all comparisons is— 


, _ 8? (2p?+5p+11) 
J mn r p+pt+l SS TENS Re te are (7) 


Formulas 4, 5, and 6 for variances of mean difference were derived in 
the same manner as were the formulas for correcting progeny means, 
in terms of main effect and interactions (7, pp. 433-437). 

The resulting standard errors from extracting the square roots of 
each of the four variances are the error factors to be used in making 
individual comparisons of progenies by “Student’s’’ ¢ test. 


; . , 28° 
The factor by which each of the above variances differ from os 


is a measure of the increase in variance that results from the division 
of the varieties into sets when the error variance per plot is unaltered 
by the resultant reduction in block size. The reciprocal of such 
factor, called efficiency factor of the arrangement (9, p. 86), is a 
measure of the inherent strength of the arrangement. 

Thus the increases in variance are— 


30 gs on yn ee tet! 

ppiP ed aa as Po 

P oes gy 44) 2282p +3p+4 

rp 2P Ti lal hel 2p> 

F one an 1g) 228 2P Sp +6 
29? -- 394-6) +-— = 

ppp +3p+6) r 2p? 


and for all comparisons 


s*2p?+5p+11 , 2s? _ 2p?+5p+11 
r p+ptl * r 2p?+p+1) 


With p=9, the efficiency factor is in each case then—- 


p° ad 
FT pHl 890, 

9m2 

“P =.839, 


2p? 3p 4 


2p? 


2p?+3p+6 — "aes 


and for the mean variance of all comparisons— 


2(p?+p+)) 
2p?+5p+11 
3 


835 


163005—39—- 
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APPLICATION OF PROCEDURE TO GERMINATION DATA 


With the preceding notation and formulas as a basis, the actual 
computations involved in correcting the progeny means for hetero- 
geneity are very simple. The process can best be carried through in 
tabular form using a series of 10 computational tables of six sections 
each, of which table 2 illustrates the first (w=1) and table 3 the last 
a summary of the other nine tables. For illustrative material, the 
time of germination was recorded for each of the 6,561 plots. This 
time was defined as the number of days from planting until the first 
day when three or more spots (six spots to the plot) had one or more 
seedlings (six seeds planted to the spot) visible above the ground 
regardless of whether or not they had been injured by damping-off 
or otherwise. 

The procedure may be demonstrated as follows: 

(1) Using a convenient index for finding the location in the nursery 
of the replications of individual progenies, the first step is to find the 
sum of the three plot measurements having the same wew number in 
each of the three groups and record them in tabular form. For 
example, in table 2, for totals in the X group, the readings for 
No. 111 were 31+27+24=82; in the Y group, the readings for the 
same progeny were 28+27-+-22=77; and in the Z group they were 
28+26+25=79. This process is repeated for each of the other 728 
progenies. 

The sum of the three totals above, 82+77+79=238, or Ty), 
the total for the 9 replications of progeny No. 111. This and similar 
totals for the progenies whose numbers end in 1 are recorded in the 
fourth section of table 2. 

(3) Marginal totals are found for the first four sections yielding 
b aneme in X.-», and these are repeated for Y, Z, and 7, as indicated 
in table 2. 


ry’ 


—_ a , 
) The average . is computed for each value of 7 in the nine 


tables—a very simple matte r. These form the fifth section of each. 
In table 3, for No. 111, a8 = 26.444. 

(5) For X,,- the items aateaiiliee the same position in each of the 
nine tables are added. The first summation is 82+93+84+70+ 
68+-74+-97+-90+69=727. Of these, the first value only, 82, may be 
found in table 2. This result, 727, is the first item in the tenth 
table, here represented by table 3. This process is repeated for each 
of the other progenies. 

(6) Marginal totals here yield X,..and X.,.. The same procedure 
is followed for Y, Z, and T. 

(7) The next important step is the calculation of the correction 


factors C- 1, Cu-», and C,,-. Substituting in the formulas given above 
for these: 


0. B33 xe [9 2020 (table 2)—27 X 674 (table 2)—18,937 


(table 3)+36258 (table 3)]=—0.124 (vertical 
margin of fifth section, table 2). 
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1 
Cyuw=x7-W aU wr l9 X 1930 (table 2)—27 * 614 (table 2)—19,005 
6 x 3 ~~ 9g 
(table 2)+3 6215 (table 2)]=0.296 (horizontal 
margin of fifth section, table 2). 
] 
Cus 6x3 92 [9 & 2078 (table 3)—27 680 (table 3)—20,063 


(table 3)+3 6974 (table 2)]=0.824 (fifth section, 
table 3). 

Attention is called to the fact that the coefficients of these three 
formulas are such as to give equal weighting to all items. The sum 
of all the C’s should equal zero, which is a check on the accuracy of 
the computations. 

(8) The final operation in correcting the individual progenies for 
heterogeneity is to apply these correction values to the original 
average in section 5, table 2, using formula 1— 


26.444 —0.124-+-0.296 +-0.824 = 27.440 


which is the corrected number of days from planting until germination 
for progeny No. 111. 

With each of the 729 progeny means corrected, it is a very simple 
matter to carry through the computations necessary for obtaining 
the items in the analysis of variance table form above. If dyy. 
doy _ dug be the original germination time, then summing over 
all. replications— 

Ld uw = 178,661, and, the, correction, factor, becomes (178,661)? __ 
4,865,074.37. 6561 
Dd? yp = 5,122,921. 
Total SS=5,122,921—4,865,074.37 = 257,846.63. . 
For the variation due to blocks, ), 
2b? = 44,601,697 
1 a — 
SS due to blocks=44,601,697 _ 4.865,074.37 —90.669.74 

The usual procedure for finding the sums of squares for the cor- 
rected progeny measurements could have been used, but formula (3) 
simplifies and shortens the labor to a considerable degree. Sub- 
stituting therein 

SS due to progenies = 5,011,580.822 —[1,689,976.220 + 1,592,598.640 
+ 1,587 ,292.030]= 141,713.932. 

These known items, may now be tabulated for the analysis of 
variance and the error term, 25,462.96, obtained by subtraction, 
table 4. 


TABLE 4.—Analysis of variance of the germination period in days 


| 


Degrees of Sum 0 | 
g f | Mean square 


—— : 
Variation due to freedom squares F 
Blocks. ....-.- ‘ 728 90, 669.74 | ee eS NLS 
Progenies. _ .. ees 728 141, 713. 93 194. 66 1 39. 02 
Error..... 7 . 5, 104 | 25, 462. 96 4. 988824 = 
Total__ okéaanes : 6, 560 257, 846. 63 





1 Highly significant. 
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The error mean square in table 4 is the squared standard error, that 
is, s°=4.988824. The comparison of individual progeny means falls 
into three groups, which may be determined from the progeny number, 
with distinct standard errors of the difference. These are expressed in 
formulas (4) to (7). Substituting in these 


(2 4.988824 


V (ten — tin) 729 


91 =1.245495SE—1.116 
4.988824 
729 


4.988824 


729 


V (thoo— ty) <1938= 1.320772SE= 1.149 


V (to22— thi) 


X 195= 1.334459S E= 1.155 
Mean variance of all comparisons 


. See Bee , ‘s 

Ve= 9 91 = 1.327917 SE,,=1.152 
With these standard errors it is now possible to make any individual 

comparisons of means desired using the well-known f¢ test. 


: one and referring to the ¢ table (/, p. 166) for the 


probability that the difference might be due torandom sampling. This 
t is, of course, the one first established by “Student” in 1908. An ade- 
quate treatment of it is given by Fisher (1). To compare progenies 
No. 111 and No. 211. 


21.760—27.440 
— ae 


Entering the ¢ table (1, p. 166) at n=16 (n=n,+7n2 where n,+1 and 
n3+1 are each equal to 9), the computed value of t, 5.090, is found to 
be far beyond the range of the table, showing that the propability, 
P, is extremely small. This justifies the conclusion that the seeds 
from the tree whose progeny is No. 111 germinate at a slower rate 
than those from the seed tree of progeny No. 211. 

In an earlier paragraph the efficiency factors for this design were 
computed. For the mean variance of all comparisons, this efficiency 
factor was found to be 0.835. In other words, 16.5 percent was lost 
because the ordinary randomized block per replication was not used. 
The reduction in error variance due to the design will, however, more 
than compensate for this loss. It is possible to take into account the 
information accruing from the block comparisons, since this experi- 
ment has a sufficient number of replications (nine in all with three for 
each of the groups X, Y, and Z) to give an adequate estimate of error 
for interblock as well as the intrablock comparisons. This adds greatly 
to the attractiveness of the design. 

To use the information from the interblock comparisons most 
accurately, all the blocks forming a complete replication X, Y, or Z 
should be arranged in a compact unit on the ground, with these three 
groups randomized for positions with reference to each other in addi- 
tion to the randomization of blocks within groups and plots within 
blocks (9, pp. 30, 31, 86). Although utilization of interblock compari- 


= — 5.090 
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sons has been introduced since the experiment was installed and the 
pattern outlined was not exactly followed, still it is possible to recover 
much of the lost information. With the present design, the 728 
degrees of freedom ascribed to blocks (these confounded with main 
effects) may be broken down as follows: 


D/f 
SO = = 3 Sens ee 2 

X grouping: 
Blocks__- * SNE PRT 80 
ae . : as oss ceca 

Y grouping: 
Blocks___- - = Bin ore 80 
a a Mae ea 162 

Z grouping: 
Blocks_-_-_- 3 Reet any ater a et 80 
iticewsocaweteuaswe Des oe nape wes wes ae : . 162 
728 


Combining the three terms for error gives 486 degrees of freedom. 
Z(X ew) +Z(Y yw) +2(Z ‘ ‘ — 

AX ow)- —— +2 (Zu0.) minus the correction factor will give the 
part of the sum of squares for blocks other than error. Subtracting 
this from the total sum of squares due to blocks leaves the error term 
attributed to the 486 degrees of freedom. 

This computation becomes 


a a —4,865,074.37 =40,585.52. 
90,669.74 (SS due to blocks) — 40,585.52 =50,084.22. 
This may be set up in the following form: 





Item | Dif | SS | MS 
ee rene oat tacceendaces Wickacteasceeaee 486 | 50, 084. 22 | 103. 05 
We inctivwtniticinenrsbiteticaty ridieminibiciaiawiinitnitgenemnaeiaeapontinde 6, 074 —s | 4. 988824 





Total____- Peat eae ae Pe eee ee ec | 6, 560 | : oe 12.25 


— 


The mean square for the 6,560 degrees of freedom, 12.25, is found 
thus: 
50,084.22+ (6074 4.988824) _ 


9 
6560 sone 


Following Fisher (2, pp. 255-258), the expression for precision is 
n+1 


(n+3) 


ance. Hence the ratio of the two sampling variances above, 


2 where n is the degrees of freedom and s* the sampling vari- 
12.25 _ 
4.99 — 
2.45, or 245 percent, will measure the recovery of information due to 
reduction in error variance by the use of this design. ‘This means 
that the experiment is about 2 times as precise as it would have 
been if the ordinary randomized block design had been used. 
Earlier, account was taken of the loss of information due to the 
confounding of main effects with blocks, with the result that the 
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efficiency of the experiment was assessed at 0.835. The net efficiency 
from these two sources is then 


0.835 X2.45=2.05 


This net gain of 105 percent makes it evident that the use of the 
cubic lattice design for this experiment was most worth while. 


EXPLANATION AND SUMMARY 


An examination of the body of germination data after the correction 
factors have been applied gives most conclusive evidence of the effec- 
tiveness of this type of design for the purpose for which it was evolved, 
namely, to eliminate differences in yields or measurements due to soil 
or treatment heterogeneity. Besides the expected soil variations, a 
known variable factor was introduced in the watering time of the 
nursery. It is granted that watering will tend to hasten germination. 
T he entire nursery was watered once, beds 1-16 on April 27 and beds 
17-25 on May 7. The sowing started on April 20 with bed 1 and con- 
tinued consecutively until finished on May 5. This means that the 
greatdst number of days between planting and watering for the first 
set would have been for bed 1, and the least for bed 16; in the second 
set the greatest number of days for bed 17, the lowest number of days 
for bed 25 (fig. 3 B). 

The number of days from watering to germination were also re- 
corded for each of the 6,561 plots. Using the original average values, 
time to germinate from planting date minus the time to germinate 
from watering varied from plot to plot, a range of 3.3 to 5.9. 

When the average number of days from watering time to germina- 
tion for each progeny was corrected, as was done for the planting 
time, the differences between corrected planting and corrected water- 
ing time became practically constant at 4.6 days. This is evidence 
that this design does eliminate effects of plot “differences upon the 
average V alues, whether they be initial or some later happening, as in 
the incident of watering the nursery. 

The correction of the 729 progeny means for heterogeneity due to 
location and the setting up of the procedure for making tests of sig- 
nificance of the differences of these individual progeny means com- 
pletes the objectives of this article. From the standpoint of the pur- 
poses for which this experiment was designed, however, it marks only 
the initial step in the selection of seed trees for the improvement of 
the strains of timber trees; it is necessary to learn what conditions 
affect the growing characteristic of the seedlings. Hence, the next 
step, which is beyond the scope of this article, would be to subject the 
corrected data to such standard statistical procedures as seem most 
applicable. 
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ELECTRICAL STIMULATION OF ISOLATED HEART 
PREPARATIONS FROM PERIPLANETA AMERICANA! 


By J. FRANKLIN YEAGER 


Senior entomologist, Division of Control Investigations, Bureau of Entomology and 
Plant Quarantine, United States Department of Agriculture 


INTRODUCTION 


In order to study adequately the effects of insecticides upon the 
various tissues and functional processes of insects, particularly insects 
which it is desired to control, it is necessary to have more knowledge 
of the manner in which the tissues and organs of insects function under 
normal and abnormal conditions. This paper is a report of experi- 
ments which yielded further information regarding the functional 
processes of the insect-cardiac mechanism. 

In utilizing the mechanocardiographic method of studying the 
effects of nicotine and other solutions upon a perfused, isolated heart 
preparation from the American cockroach (Periplaneta americana 
(L.)) it is necessary to consider the effects of possible contractions by 
other than cardiac-muscle fibers. In addition to the cardiac-muscle 
fibers, the cockroach isolated heart preparation previously used 
(4, 5, 6, 7)? possessed alary muscles (of the heart), dorsal body muscles, 
and, in the thoracic region, especially of heart preparations from the 
adult insect, portions of the muscles involved in the somatic wing 
mechanisms. 

It has been shown previously (4) that the systolic rise of curve in 
the mechanocardiogram taken from the whole isolated heart prepara- 
tion of Periplaneta americana is often immediately preceded by a 
sudden depression, the presystolic notch. It has been suggested (4), 
on the basis of certain unpublished evidence, that the presystolic 
notch might result from an increased intracardiac pressure (hydro- 
static) produced by a propagated wave of heartbeat in a cardiac region 
other than that from which the mechanocardiographic record is being 
taken. Although under certain conditions the presystolic notch may 
originate in this manner, the possibility still remains that under other 
conditions it might originate from a rhythmic presystolic contraction 
of the alary-muscle fibers of the heart, especially in the segment from 
which the record is being made. If the presystolic notch originates in 
accordance with this hypothesis, it should be possible to obtain sup- 
portive evidence by artificially stimulating the isolated heart prepara- 
tion, especially the alary-muscle fibers in the segment in which the 
heart lever is attached. 

The experiments herein reported were performed with this in mind, 
but also with the general objective of determining how the isolated 
heart preparation of Periplaneta americana responds to single and 
repeated faradic stimuli and how these responses compare with the 
better known results of artificial stimulation of the vertebrate heart. 


1 Received for publication December 12, 1938. 
2 Italic numbers in parentheses refer to Literature Cited, p. 137. 
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METHODS 


As described below, four different types of isolated heart prepara- 
tions were used in these experiments. 

Type A, the entire isolated heart preparation that was utilized in 
previous investigations (5, 6, 7) was used in some of these experiments. 
The preparation consisted of the beheaded insect’s dorsal body wall 
(terga), dissected from the rest of the body but retaining the cardiac 
mechanism. It contained the cardiac tube, the alary-muscle-fiber 
groups, the external and internal dorsal body muscles, the dorsal 
diaphragm, the fat bodies, trachea, and other incidental structures 
associated with the dorsal diaphragm and the terga, and, in the 
thorax, the severed somatic wing muscles. 

Type B, the second preparation, consisted of only the abdominal 
region of the heart, prepared either by transverse section across 
preparation A between the third thoracic and the first abdominal 
segments or by separating by similar cross section the abdomen from 
the thorax of the living insect and subsequently isolating the abdomi- 
nal heart preparation by dissection. Whichever procedure was 
followed, the resulting preparation was the same and contained the 
entire abdominal but not the thoracic portions of the cardiac mecha- 
nism. In this preparation the longitudinal internal and external dorsal 
body muscles of the abdomen remained intact and retained their 
normal origins and insertions. 

Type C, the third preparation, consisted of a single abdominal 
segment separated by transverse section with a safety-razor blade 
from adjacent posterior and anterior segments of either preparation 
A or preparation B (usually the latter) but cut in such a way that 
the adjacent margin of the adjacent overlapping segment remained 
attached to the segment being isolated. This preparation of a single 
abdominal segment contained a single pair of alary muscle-fiber 
groups and only that length of cardiac tube that lay between their 
cardiac terminations. The internal dorsal body muscles were tran- 
sectioned, and only the ends attached to the isolated segment remained 
in the preparation. The external dorsal body muscles were not 
severed. 

Type D, the fourth preparation, was made in the same way as 
preparation C except that the adjacent margin of the adjacent over- 
lapping segment was dissected away and the connections of the 
external dorsal body muscles therefore destroyed. This preparation 
was thus completely separated from both anterior and posterior 
adjacent segments. 

During some of these experiments the isolated heart preparation 
was kept moist by occasional flooding with approximately 0.11 
Lévy’s (3) stock saline solution (prepared without the buffers). This 
saline was composed of 11.78 gm. of sodium chloride, 0.92 gm. of 
potassium chloride, and 0.66 gm. of calcium chloride per liter of solu- 
tion. In the other experiments the heart preparation was con- 
tinuously perfused with a stream of another saline solution that was 
made to flow over the exposed tissues. The formula for the com- 
position of this saline solution was arrived at in the following way: 
Mixtures were made containing known proportions of the 0.11 Lévy’s 
solution described above and of a saline (composed of 3.26 gm. of 
sodium chloride, 7.39 gm. of potassium chloride, 2.54 gm. of calcium 
chloride, and 1.69 gm. of magnesium chloride per liter of solution) 
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prepared by Babers on the basis of his analysis (1) of the blood of the 
mature larva of the southern armyworm (Prodenia eridania (Cram.)). 
These mixtures were used to perfuse the isolated heart preparation of 
Periplaneta americana, and that mixture was chosen which sufficed 
to maintain the perfused heart preparation in the most steady state 
with respect to both rate and amplitude of cardiac contractions. 
The selected mixture was found by calculation to have the com- 
position 10.93 gm. of sodium chloride, 1.57 gm. of potassium chloride, 
0.85 gm. of calcium chloride, and 0.17 gm. of magnesium chloride per 
liter of solution. This solution will be referred to in this paper as the 
magnesium saline, the 0.11 Lévy’s solution will be referred to as Lévy’s 
saline. The perfusion saline was oxygenated by bubbling oxygen 
through the reservoir bottle before and during the experiment. 

The isolated heart preparation was held by pins in a beeswax con- 
tainer so constructed that the perfusion saline flowed over the exposed 
cardiac mechanism into a surrounding drainage depression from which 
it flowed into a collecting jar. The drainage depression of the wax 
container surrounded a central wax elevation or plateau one edge of 
which was higher than the other. Drainage was facilitated by laying 
narrow strips of wet lens paper in the drainage depression. The 
heart preparation used in each experiment was pinned to the wax 
plateau with the external dorsal surface down and the internal cardiac 
mechanism (dorsal diaphragm) up. The rate of flow of perfusion 
fluid over the exposed cardiac tissues was adjusted by means of a 
stopcock until it was as rapid as possible without mechanically inter- 
fering with the hair attachment or the mechanocardiogram. This 
method of perfusion was somewhat different from that used in pre- 
vious studies of the rate of insect heartbeat (4, 6, 7). 

The apparatus used to stimulate the heart preparation electrically 
consisted of the well-known student-type inductorium, key, signal 
magnet, dry cells, and a specially made pair of microelectrodes with 
tungsten tips. The signal magnet was included in the primary circuit 
and placed so that its lever would intercept the light passing through 
the end of the camera slit upon closure of the key of the primary 
circuit. Thus the shadow of the signal magnet appeared in the 
mechanocardiograms as lower marginal bands during the times the 
key of the primary circuit was closed. When single induced shocks 
were used they were applied to the tissue at times indicated by the 
beginning and the end of the marginal band. When the inductorium 
was so wired as to supply tetanizing shocks they were applied to the 
tissue in rapid succession throughout the duration of the period 
indicated by the marginal band. The time record, consisting of lines 
extending completely across the photographic paper, were made by 
a Lieb watch timer, the lever of which was made to cast a shadow across 
the entire camera slit at determined time intervals (1 second in these 
experiments). 

The complete mechanocardiographic set-up of apparatus was 
essentially the same as that previously described (4). The electro- 
cardiographic camera, however, has been remodeled to yield paper 
speeds ranging from about 0.5 to about 100 mm. per second. In 
order to adapt intensity of light to paper speed, the beam of light was 
passed through suitable filters. The records were made upon a roll 
of bromide photographic paper. Most of the experiments were 
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performed at room temperature, which was maintained Saray constant 
and usually at a temperature lying within the range 25° to 30° C. 
Unless otherwise stated, the lever contact was with the dorsal 
diaphragm immediately over the cardiac tube. As the cardiac- 
muscle fibers contracted, the dorsal diaphgram and lever attachment 
were lowered and the lever moved so as to produce an upward deflec- 
tion of the mechano-cardiographic curve and, conversely, when the 


diaphragm was raised the curve was depressed. 








FicureE l1.- 
from a completely isolated fourth 


A, Mechanocardiogram 


abdominal segment (preparation 
D) perfused with the oxygenated 
magnesium saline. Room tem- 
perature 29° C.; record taken 105 
minutes after beginning of per- 
fusion; lever over heart; electrodes 
in place on distal extremity of 
alary-muscle group; paper speed 
about 0.5 mm. per second; time 
markings in seconds; no electrical 
stimuli. 3B, Similar record from 
an incompletely isolated third 
abdominal segment (preparation 
C). Room temperature and per- 
fusion as in A; preparation 105 
minutes old; lever over heart; no 
electrodes. 


aration C) are parts of records 
experiments after each of the 
about 105 minutes. 


Similarly, upward 
or downward deflections of the lever 
shadow on the photographic paper 
were produced when the diaphragm 
was lowered or raised by any other 
cause, as for example by movement 
of the preparation resulting from 
contractions of the dorsal body mus- 
cles. The position of the electrodes 
was changed from time to time as 
indicated in the legends of the illus- 
trations and under the heading 
Results. The stimuli applied con- 
sisted of single induced shocks, in- 
duced shocks repeated by opening 
and closing the key of the primary 
circuit by hand, and series of induced 
tetanizing shocks applied at a rate 
determined by the vibrator of the 
inductorium. Because of current 
leakage through the saline from one 
electrode to another, a rather strong 
stimulating current was employed. 

All the mechanocardiograms ob- 
tained in these experiments are to be 
read from left to right. 


RESULTS 
EXTRASYSTOLES AND SUMMATION 
OF CONTRACTIONS 


Figure 1, A, shows the regularity 
in rate and amplitude of heart con- 
traction when the completely isolated 
segment (preparation D) was per- 
fused continuously with the magne- 
sium saline solution. A and B (prep- 
taken at low paper speed in different 
preparations had been perfused for 


The results of applyimg single and repeated faradic stimuli to the 
completely isolated fourth abdominal segment (preparation D) are 


shown in figures 2, 3, and 4. 


Figure 2 


(A, a; B, a) shows the extra- 


systoles produced by stimulating with single induced shocks during 


diastasis (the rest period of the cardiac cycle). 


are a little greater than the spontaneous contractions (fig. 2, 
d; B, ce and d). 





These extrasystoles 
A, ¢ and 














Didar ae sickened 


emer 















July 15,1939 Electrical Stimulation of Isolated Heart Preparations 125 


In figure 3 the extrasystoles at A, a and b, and at B, a, were pro- 


duced by single shocks applied at different times (A, ¢ and d and B, 6) 








FicuRE 2.—Mechanocardiograms from a completely isolated fourth abdominal 


segment (preparation D), 145 minutes old. Room temperature 29° C.; per- 
fusion with magnesium saline; lever over heart; electrodes over lateral extremity 
of alary-muscle group; time markings in seconds; and stimuli single induced 
shocks. A, Extrasystole at a produced by stimulus applied during late diastasis 
at b; c and d are spontaneous contractions. B, Extrasystole at a produced by 
stimulus applied during early diastasis at b; c and d are spontaneous con- 
tractions. 


during diastole (relaxation period). The summation effect in B is 
greater than that in A. In figures 2 and 3 the electrodes were at the 
lateral extremity of an alary-muscle group. 


Similarly figure 4 shows 
the effect of applying single 
shocks (electrodes medially 
over an alary-muscle group) 
at different times during sys- 
tole (contraction period). 
Apparent summation effects 
are produced. In figure 4, 
B, d, summation at the height 
of contraction is very evi- 
dent. The shock applied at 
A, c, may have fallen during 
the refractory period, which 
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Fiagure 3.—Mechanocardiograms from a 


would account for the con- 


traction height being more 
fourth abdominal segment (preparation 4 = 
D). Room temperature 29° C.; perfu- nearly that of the sponta- 
sion with magnesium saline; time mark- neous contractions e and f. 
ings in seconds; lever over heart; elec- Figure 5 shows the pro- 
trodes over lateral extremity of alary- duction of extrasvstoles bv 
muscle group; single induced shocks Desilin ieeiine rte te tad 
applied. A, Extrasystoles at a and 6 ‘Singie induc ed shoc S appiec 
caused by single shocks applied during during late and early diastole 
late diastole at c and d, respectively. B, to an abdominal heart prepa- 
Extrasystole at a caused by a single shock ration (type B) when the 
applied at b during the beginning of | Sag Ss datenel 
the diastole of a spontaneous beat; c isa electrodes were on the dorsa 


spontaneous contraction. diaphragm over the heart in 
the fifth abdominal segment 

and the lever over the heart in the fourth abdominal segment. The 
strength of the stimulus was not sufficient to cause interfering con- 
tractions of the body muscles. Summations of contractions are 
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shown, particularly at f and h, when the shocks e and g fell at the 
height of the contraction curve. 


COMPENSATORY PAUSE 


No recognizable compensatory pauses have been observed to follow 
the extrasystoles produced in these experiments. 


TETANUS OF THE HEART 


Figure 6 shows the result of applying to the completely isolated 
single fourth abdominal segment (preparation D) a series of single 











t 4 t tt t. 

| @ c de a 
Figure 4.— Mechanocardiograms from a fourth abdominal segment (preparation 
D). Room temperature 29° C.; perfusion with magnesium saline; lever over 
heart; electrodes in medial position over one alary-muscle group; single induced 
shocks applied; time in seconds. A, Single induced shocks were applied during 


systole at a, b, and d. The shock at c fell either at the end of diastasis or at 
the beginning of systole; e and f are spontaneous beats. 3B, Shocks a and d fall 
respectively in early and very late systole; c and f fall during diastasis; 6 is a 
spontaneous contraction; e is a marked summation of contractions. 


induced shocks at gradually decreasing time intervals when both the 
lever and the electrodes are in contact with the dorsal diaphragm 
over the cardiac tube. B is a continuation of A, and C of B. At 
figure 6, A, d, summation effects appear and increase until, at ¢, a 
complete tetanus is developed, which persists until the cessation ‘of 
stimuli at B,f. In B, between f and g, there occurs a rapid relaxation, 
followed by a quick appearance of spontaneous rhythm in which the 
systoles appear to increase gradually in magnitude as further apparent 


relaxation occurs. At C, 1, complete recovery has apparently been 
made. 
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In the same way, in figure 7, A and B show cardiac tetanus pro- 
duced by similarly applying a series of single induced shocks to the 
abdominal heart preparation (type B) when the lever was on the 
dorsal diaphragm over the heart in the fifth abdominal segment and 
the electrodes were over the lateral extremity of the insect’s left 
alary-muscle group. Cardiac tetanus begins at A, e, lasts to the 
cessation of stimulation at B, f, and is followed by rapid relaxation 
from f tog. This is followed by a period of inhibition, broken by the 
spontaneous contractions A, i, and 7, of increasing magnitude. Com- 
plete recovery is evident at 7. The record of tetanic contraction of 
the heart, seen from A, e, to B, f, is not a smooth curve, as in figure 6, 
A, e, to B, f, but has superimposed upon it a series of irregularities the 


Ssseseeesns 
ro 
ah 


Figure 5.—Mechanocardiogram from an isolated abdominal preparation (type 
B). Room temperature 25° C.; heart preparation kept moist with 0.11 Levy’s 
saline; lever over heart in fourth abdominal segment; electrodes over heart in 
fifth abdominal segment; time in seconds. Single induced stimuli applied at 
a, c, e, and g produced extrasystoles b, d, f, and h, respectively. The shocks 
were applied during late and early diastole. 








larger of which are produced by interfering contractions of the dorsal 
body muscles given in response to the applied series of stimuli. The 
minor variations are like those seen in A, a to 6, and were caused by 
mechanical vibrations of the apparatus that had nothing to do with 
tissue response. 

In figure 7, C, is shown the first part of a cardiac tetanus similarly 
produced by stimulating an entire isolated heart preparation (type A). 
The marked interference of body-muscle contractions with the record 
of cardiac tetanus is shown. 


STAIRCASE EFFECT 


Apparent staircase phenomena have been observed, especially 
when spontaneous cardiac rhythm begins after the temporary inhi- 
bition following cardiac tetanus (fig. 6, B, C, and fig. 7, B), and when 
heart preparations begin spontaneous contractions after certain other 
periods of diastolic standstill not associated with cardiac tetanus. 


REFRACTORY PERIOD 


Results of the application of stimuli during various parts of systole 
(fig. 4) seem to indicate that the stimuli were effective during the 
greater portion of the contraction period and therefore, if the absolute 
refractory period occurs, it is confined to at least the early part of systole. 
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MECHANICAL STIMULATION OF THE HEART 


Microscopic observations showed that when the dorsal diaphragm 
of an isolated heart preparation was mechanically stimulated in the 
region of the cardiac tube by touching it firmly (but without injury 
to the tissues) with the point of a dissecting needle, the response of 


the cardiac tube was a more or less sustained contraction. The con- 
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Figure 6.—Mechanocardiogram from a completely isolated fourth abdominal 
segment (preparation D). Room temperature 29° C.; perfusion with mag- 
nesium saline; lever and electrodes over heart; time in seconds. A, Effects of a 
series of single induction shocks applied with decreasing time intervals at a, 
b, c,d, and soon. At e, complete tetanus is produced. 8B, Continuation of A. 
Stimuli cease to be applied at f, and relaxation is completed at g; at h, i, and j, 
incomplete spontaneous beats occur; k is part of the first beat k shown in C. 
C, Continuation of B. At l, recovery is complete. 





traction did not always involve the entire cardiac tube but often was 
confined to the cardiac regions close to the point of stimulation. This 
localized contraction has been observed to persist while the spon- 
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taneous rhythm of other regions of the heart continued without inter- 
ruption. Whether the contraction was of the nature of a cardiac tet- 
anus, a cardiac contracture, or a different type of response is not known. 

In these experiments, isolated heart preparations have often tem- 
porarily ceased to exhibit spontaneous rhythm apparently because of 
mechanical stimuli applied in the process of adjusting the contact 
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FicurE 7.—A and B, Mechanocardiogram from an isolated abdominal heart 
preparation (type B). Room temperature, 25° C.; heart preparation kept 
moist with 0.11 Lévy’s saline; lever over heart in fifth abdominal segment; 
electrode on distal extremity of insect’s left fifth abdominal alary-muscle group; 
time in seconds. B is a continuation of A. Single induced shocks applied at 
a, b, c, and so on, with decreasing intervals. At e, complete cardiac tetanus is 
produced, but the curve is disturbed by dorsal body-muscle contractions. The 
minor vibrations (as from a to b) are mechanical and have nothing to do with 
tissue response. C, Mechanocardiogram from an entire heart preparation 
(type A). Single induced shocks applied at a, b, c, and so on, and cardiac 

| tetanus produced at e. The tetanus curve is disturbed by contractions of 

| dorsal body muscles. Time in seconds. 
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between lever and dorsal diaphragm. Under these conditions the 
cardiac response was very probably the same as the response observed 
to follow noninjurious mechanical irritation with a dissecting needle. 


CONTRACTIONS OF THE DORSAL BODY MUSCLES 


Figure 8, A, shows the effect of repeatedly stimulating an isolated 
abdominal heart preparation (type B) kept moist with Lévy’s saline, 
when the lever contact was over the heart in the fifth abdominal 
segment and the electrodes were on lateral extremities of a fifth abdom- 
inal alary-muscle group. The paper speed was low. The downward 
trend of the contractions shown in A between ¢ and d was caused by 
interfering body-muscle contractions. The single shocks applied at a 
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Fiagure 8.—A and B, Mechanocardiograms from an isolated abdominal heart 
preparation (type B). Room temperature 29° C.; heart preparation kept moist 
with 0.11 Lévy’s saline; lever over heart in fifth abdominal segment; electrode 
over lateral extremity of alary-muscle group in fifth abdominal segment. A, 
Single induced shocks at a and b, and a series of single shocks applied between 
cand d. 8B, Single induced shocks applied at a, b, and so on to e, with make 
shock applied at c and break shock applied at d, and so on. The disturbing 
effects of dorsal body-muscle contractions are shown. At f, g, and h, are un- 
disturbed spontaneous beats. The stimulating current did not affect the heart, 
which continued to contract spontaneously. C, Record from same preparation 
after the heart had been severed longitudinally and the fourth, fifth, and sixth 

| left alary-muscle groups removed. Lever medially and electrodes laterally in 
region where left alary-muscle group had been. Induced tetanizing shocks 
applied at a, b, and so on to e. Contractions of the dorsal body muscles de- 
pressed the curve during stimulation. 


and 6 produced no marked effects in this record made with a low paper 
speed. In figure 8, B, are shown the effects of applying single induced 
shocks to the same preparation at different times in the cardiac cycle 
when greater paper speed was used. The interference of body-muscle 
contractions with the mechanocardiogram at the times of stimulation is 
evident. All the cardiac contractions are spontaneous, and those at f, 
g, and h exhibit no body-muscle effects. 

The dorsal diaphragm and the cardiac tube of this preparation were 
then severed with a safety-razor blade and the fourth, fifth, and sixth 
left alary-muscle groups and associated dorsal diaphragm removed. 
The lever and electrodes were then placed in contact with the exposed 
dorsal body muscles of the left side, the lever medially and the elec- 
trodes laterally. The record thereupon obtained by faradic tetanizing 
stimulation is shown in figure 8, C. The stimuli, applied at a, 6, c, d, 
and e, resulted in marked depressions of the otherwise straight-line 
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record. After the removal of the entire heart and the right alary- 
muscle groups, stimulation gave results similar to those shown in figure 
8, C. 

Figure 9 shows distortions of the mechanocardiogram caused by 
dorsal body-muscle contractions made in response to single induced 
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FicgurE 9.—Mechanocardiograms from a whole-heart preparation (type A). 
Lever and electrodes in an ey) segment. Single induced shocks applied 
ata,d,g,j, andl. At b, e, h, k, and m, extrasystoles were thus produced. At 
h and k, summation ene are mp hnnee do hy At the time of the stimulus distor- 
tions of the curve by dorsal body-muscle contractions can be seen. The up- 
ward deflection, at 1, is unusual; dorsal body-muscle deflections were usually 
downward. Time in seconds. 


shocks applied to the whole heart preparation (type A). Lever and 
electrode contacts were in an abdominal segment. The contractions 


b and e were given in response to stimuli applied at a and d, respec- 
tively, and were preceded by interfering body-muscle contractions 


“ © 





it 


Figure 10.—Mechanocardiograms from an isolated abdominal heart preparation 
(type B). Room temperature 25° C.; heart preparation kept moist with U.11 
Lévy’s saline; lever over heart in fifth abdominal segment; electrode over distal 
extremity of insect’s left fifth abdominal alary-muscle group; time in seconds. At 
a, a single induction shock was applied. At b,c, and d, short tetanizing stimu 
were applied. At e, a more prolonged tetanizing stimulation was begun. ‘lhe 
marked effects of dorsal body-muscle contractions on the mechanocardiograms 
are shown. 





whose records somewhat resemble presystolic notches. Similar dis- 
tortions, however, occurred during other parts of the cardiac cycle at 
g,j, andl, U sually the body-muscle contractions produced depres- 
sions of the curve, but at /, the deflection was upward. 
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Figure 10 shows similar results of applying short tetanizing stimuli 
to an abdominal heart preparation (type B). The lever was over the 
heart in the fifth abdominal segment, and the electrodes were over the 
lateral extremities of the left alary-muscle group of the same segment. 
The very small vibrations were mechanical and had nothing to do with 
tissue response. Marked disturbances of the heartbeat record are 
shown. 

Figure 11 shows depressions of an otherwise straight-line record 
obtained from an incompletely isolated abdominal segment (prepara- 
tion C) from which the heart and both alary-muscle groups had been 
removed. The lever was in the region where the heart had been, and 
the electrodes were placed laterally where one of the alary-muscle 
groups had been located. Series of 
single induced shocks were applied 
between a and 6 and between ¢ and 
d. During stimulation the other- 
wise straight-line record was de- 
pressed by contractions of the dorsal 
body muscles. The external dorsal 
body muscles are considered to be 
responsible for this movement. 

When the completely isolated third 
abdominal segment (preparation D) 





ae y of ; y from which the heart and both alary- 





muscle groups had been removed was 
Ficure 11.—Mechanocardiogram similarly stimulated with induced 
from an incompletely isolated shocks, applied either singly or in 
third abdominal segment (prep- rapid successio yr witl tet izing 
aration C) about 5 hours old. apc succession, < + rT th 
Room temperature 29° C.; prepa- Stimuli, no appreciable effect of body- 
ration perfused with the magne- muscle contraction upon the other- 


sium saline; time in seconds. wise straight-line record was ob- 
This record was obtained after 


cardiac tube and both alary- served. 
muscle groups had been re- 
moved. Lever on  midregion SUMMATION OF STIMULI 


where cardiac tube had been; 
electrodes lateral to lever, in It was observed that when slightly 
region where one alary-muscle : . 


group had been. From a to 6 Subminimal single shocks were 
and from c to d, a series of single rapidly applied by manipulating the 
induced shocks were rapidly key of the primary circuit or when 
applied. The contractions of the tetanizing stimuli of subminimal 
dorsal body muscles depressed _ . P . 
ie came. strength were applied, contractile 
responses of the heart and of the 
dorsal body muscles could be obtained. This indicates that sum- 
mation of stimuli occurred in these muscles. 


ALARY MUSCLES 


No convincing evidence was obtained that the application of single 
induced shocks or of tetanizing stimuli to the alary-muscle fibers 
caused them to give responsive contractions. When the alary mus- 
cles were stimulated while they were under low-power microscopic 
observation they were not observed to respond with visible contrac- 
tion either in the form of twitches or of visible tonus changes. 
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DISCUSSION 


It is generally recognized * that the vertebrate heart (especially frog 
and mammalian ventricles) can respond to applied stimuli with extra- 
systoles, particularly when the stimuli are strong and are applied dur- 
ing late ‘diastole or during diastasis. Because it possesses an absolute 
refractory period that persists throughout the systole and a relative 
refractory period that extends into at least the earlier portion of di- 
astole, vertebrate cardiac muscle is not responsive to stimulation while 
it is contracting and responds to only unusually strong stimuli while 
it is relaxing, especially during early diastole. For the same reasons 
and because it exists in syncytial form, vertebrate cardiac muscle does 
not normally exhibit well-defined summation of contractions in re- 
sponse to single shocks or complete tetanic contractions when stimu- 
lated with tetanizing shocks. It can display staircase phenomena, 
compensatory pauses, and response to mechanical as well as to elec- 
trical and other stimuli. Its response to mechanical stimulation, 
applied by touching the ventricle with the point of a needle, appears 
as a twitch, not as a sustained contraction. 

Very little has been known of the responses to electrical stimulation 
of the insect heart, especially the isolated insect-heart preparation. 
From the results of these experiments it is evident that in the perfused 
isolated-heart preparation of Periplaneta americana the cardiac re- 
sponses differ considerably from the responses usually reported to be 
given by vertebrate hearts. The cockroach heart can respond to 
single induced shocks with extrasystoles during both diastasis and 
diastole. The extrasystolic contractions are more or less summated, 
the degree of summation being greatest at the height of the contrac- 
tion curve, that is, at the very beginning of diastole and perhaps 
at the very end of systole. These results would seem to indicate either 
(1) that the cockroach cardiac muscle does not react syncytially as 
does vertebrate cardiac muscle, but behaves more like skeletal muscle, 
in which the individual fibers, but not the muscle as a whole, give the 
all-or-none response, or (2) that the cockroach cardiac muscle func- 
tions syncytially but fails to obey the all-or-none law and gives graded 
contractions. They also indicate that at the height of contraction 
and in early diastole the insect cardiac muscle is not in an absolute 
refractory state and probably is not in a marked relative refractory 
state. If, furthermore, the slight increase in contraction height re- 
sulting from the application of a single shock during the early, middle, 
or late portion of systole is to be interpreted as a summation of con- 
tractions of the cardiac-muscle fibers * given in response to the stimu- 
lus, it would seem that the insect cardiac muscle fails to exhibit abso- 
lute refractoriness throughout all except perhaps the very early part 
of systole. 

The cockroach heart gives a well-defined tetanus in response not 
only to tetanizing stimuli but also to single shocks rapidly applied by 
opening and closing the key of the primary circuit by hand. In this 
response the cockroach heart differs from the vertebrate heart. The 

3 See various textbooks, manuals, and reviews of vertebrate physiology for prevailing Mg as to the 
usual characteristics of vertebrate hearts and cardiac muscle, for example, books by Howell, Starling, Bay- 
liss, MacLeod, and others. 

4 If the increased contraction height of the curve is not caused by additional cardiac-muscle contraction, 
it seems that it would have to result from the alary-muscle fibers responding to the stimulus with relaxation, 
since contractions of the alary-muscle fibers would be expected to depress, and the contractions of the dorsal 


body muscles have been found nearly always to depress the curve of heartbeat. This would be contrary to 
the way muscle fibers are now known to respond to stimuli. 
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cardiac tetanus thus obtained serves as additional evidence that at 
the height of the contraction curve the insect cardiac muscle is not in 
a state of absolute refractoriness. 

The cockroach heart also differs from the vertebrate heart in that 
no recognizable compensatory pauses have been found to follow 
extrasystoles. Although occasionally certain extrasystoles have been 
followed by diastatic periods somew hat longer than those preceding 
the same extrasystoles, the observed i increase of diastasis is not sig- 
nificantly great when the variations in duration of diastasis that 
commonly occur spontaneously are considered. The lack of occur- 
reace of compensatory pauses by the cockroach heart suggests that 
stimulating this heart is analogous to stimulation not of the ventricle 
but rather of the sinus venosus, for example, of the frog heart.’ If 
this analogy is correct, it implies that in stimulating the cockroach 
heart, as was done in these experiments, the stimuli act upon some- 
thing corresponding to pacemaker tissue or to a tissue that sets its 
own pace. This would not be unexpected where, as in most of these 
experiments, a strong stimulus is applied directly to the cardiac muscle 
of an isolated segment of the heart mechanism. 

Comparison of the results obtained with the different types of 
isolated heart preparation used in these experiments shows that 
movement of the preparation resulting from contractions of the dorsal 
body muscles is a factor that must be brought into consideration when 
experiments are undertaken in which insect heart preparations are 
subjected to various stimuli, either electrically or by the application 
of certain dissolved substances.’ It is evident that one way to elim- 
inate interfering movements of the dorsal body muscles is to utilize 
preparation D (see Methods) in which the internal and external dorsal 
body muscles are either severed or torn from their insertions. 

The movements caused by contractions of the dorsal body muscles 
may affect the mechanocardiogram in more than one way, but in 
these experiments the effect was s nearly always to depress the record of 
heartbeat. With strong single shocks, sharp, rapid, momentary 
depressions at the time of stimulus are superimposed on the mechano- 
cardiogram and, when occurring just before systole, may somewhat 
resemble the presystolic notch. This resemblance may be quite 
marked when the stimulus is a very short tetanizing current. The 
fact that through stimulation the body-muscle depressions can be 
made to occur at other times during the cardiac cycle than just prior 
to systole indicates the difference between these depressions and the 
spontaneously occurring presystolic notches. This is shown also by 
comparison of the forms of the body-muscle depressions and the pre- 
systolic notches. It is hardly to be expected that dorsal body-muscle 
contractions are the cause of the presystolic notch since this would 
have the improbable meaning that the dorsal body muscles contract 
rhythmically in exact synchronism with the heart rhythm. The 
origin of the presystolic notch, therefore, is probably to be sought 
among other causes. 

‘A compensatory pause often follows an extrasystole of the frog heart produced by stimulation of the 
ventricle. The pause is thought to be caused by the next excitatory impulse from the sinus venosus (pace- 
maker) reaching the ventricle when the latter is in the refractory state produced during the extrasystole. 


The ventricle has to wait for still another excitatory impulse to arrive from the pacemaker before it contracts. 
Stimuli applied to the sinus venosus (pacemaker), therefore, produce extrasystoles that are not followed by 
compensatory pauses. 

® Since nicotine can produce contraction or contracture in skeletal muscle (2), its effect upon insect dorsal 
body muscle deserves consideration, particularly when high or toxic concentrations are used. 
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In none of these experiments has evidence been obtained that the 
applied stimuli produced recognizable contractions of the alary-muscle 
fibers. It is possible that the alary-muscle fibers contracted when 
stimulation caused interfering contractions of the dorsal body muscles, 
but when these interfering movements were not produced, the alary 
muscles exhibited no signs of undergoing contraction, even when the 
stimulating electrodes were over the alary-muscle fibers themselves 
and the stimulus was strong enough to cause contraction of the cardiac 
muscle. Neither did the alary-muscle fibers show any recognizable 
shortening when observed microscopically during stimulation. Al- 
though this evidence does not constitute proof that the alary-muscle 
fibers are incapable of contraction, it does render more probable the 
hypothesis that the alary-muscle fibers of Periplaneta americana tend 
to maintain a tonus and to apply a steady pull upon the wall of the 
cardiac tube rather than to produce diastole by rhythmic twitches 
given synchronously with the rhythm of the cardiac muscle. These 
facts would also indicate that even should contractions of the alary- 
muscle fibers occur during, and be undetected because of, interfering 
body-muscle contractions, the threshold of excitability of the alary- 
muscle fibers is considerably higher than that of the cardiac muscle 
in the same abdominal segment. 

The failure to obtain recognizable contraction of the alary-muscle 
fibers in these experiments also lends weight to the hypothesis (4) 
that the presystolic notch results not from the rhythmic presystolic 
contraction of the alary-muscle fibers but probably from a presystolic 
increase of intracardiac hydrostatic pressure resulting from the con- 
traction of the heart in some segment other than that from which 
the mechanocardiogram is being recorded. 

These isolated heart preparations no doubt contained intrinsic 
nervous mechanisms (5) that probably have to do with cardiac regula- 
tion. What effect these structures had in the response of the heart to 
stimulation in these experiments is not known, but, since leakage of 
electrical current through the perfusion saline from one electrode to the 
other necessitated the use of strong stimuli, it was assumed that the 
cardiac, alary, and dorsal body muscles were subjected to direct stimu- 
lation. 

SUMMARY AND CONCLUSIONS 


Four different types of isolated heart preparations from the Ameri- 
can cockroach (Periplaneta americana (L.)) have been electrically 
stimulated and mechanocardiograms of their responses recorded. The 
four types were: Type A, the whole isolated heart preparation, in- 
cluding both thoracic and ‘abdominal portions; type B, the abdominal 
heart preparation; type C, the single abdominal segmental prepara- 
tion, incompletely separated from the adjacent margin of the adjacent 
overlapping segment but completely separated from the adjacent 
overlapped segment; and type D, the single abdominal segment com- 
pletely separated from both adjacent segments. The preparations 
were occasionally flooded or continuously perfused with saline solu- 
tions. 

The applied stimuli consisted of single induced shocks, induced 
shocks rapidly repeated by opening and closing the key of the primary 
circuit by hand, and induced tetanizing shocks consisting of a series of 
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shocks applied at the rate determined by the vibrator of the induc- 
torium. 

The mechanocardiograms obtained show that the heart of this 
insect can respond to single shocks, applied during diastasis and dias- 
tole, with extrasystoles that are more or less summated, particularly 
during early diastole; that it gives an apparent summation response 
when the shock falls during systole; and that the extrasystoles thus 
obtained are not followed by compensatory pauses. 

It is also shown that the heart can respond to tetanizing stimulation 
with a complete cardiac tetanus and can rapidly relax and quickly 
its original spontaneous rhythm after the cessation of stimulation. 
Posttetanic standstills often occur. 

During recovery from posttetanic standstill and during recovery 
from standstill produced by certain other causes, the cockroach heart 
exhibits apparent staircase phenomena. 

The responses of this heart to single shocks applied at different 
times in the cardiac cycle and to tetanizing stimuli show that this 
insect’s cardiac muscle is not absolutely refractory during diastole, 
diastasis, and, probably, late systole. They also indicate that, if the 
absolute refractory period exists in this cardiac muscle, it is probably 
confined to early systole. 

This insect heart can respond to mechanical stimulation with a 
more or less prolonged contraction, which may be localized in that 
part of the heart tube lying near the point of stimulation. 

Contractions of the dorsal body muscles may cause variations to be 
superimposed on the heartbeat record. The variations may stimulate 
the presystolic notches when they are caused by shocks eliciting 
extrasystoles or when they happen to fall immediately prior to 
systoles. 

The heart of this insect differs from the vertebrate heart (particu- 
larly frog and mammalian ventricles) in its ability to respond to 
stimulation with summated extrasystolic contractions, in its failure to 
exhibit compensatory pauses, in its apparently shorter absolute 
refractory period, and in its ability to respond to a mechanical stimulus 
with a more or less prolonged contraction. 

Stimulation of the alary-muscle fibers (of the heart) with strong 
single, repeated, or tetanizing shocks yielded no evidence that they 
responded with recognizable contractions in the form of either 
twitches, tetanus, or tonus changes. These negative results lend 
weight to the hypothesis that cardiac dilation during diastole is not 
produced by rhythmic contractions of the alary muscles but rather 
that the latter tend to exert a steady tension on the cardiac walls. 
They also support the view that the presystolic notch is produced not 
by presystolic contractions of the alary-muscle fibers but by some 
other agency (probably increases of intracardiac hydrostatic pressure). 

Interfering contractions of the internal and external dorsal body 
muscles may interfere with mechanocardiograms obtained from heart 
preparations of types A, B, and C. These can be eliminated by 
using the type D preparation. 
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JELLYING AND CRYSTALLIZATION OF SIRUPS MADE 
FROM DIFFERENT PARTS OF THE SORGO STALK AT 
DIFFERENT STAGES OF MATURITY ' 


By Emit K. VENtTRE, chemist, 8. BYAuL, assistant chemist, and C. F. Wa.ron, Jr., 
senior chemist, Carbohydrate Research Division, Bureau of Agricultural Chemistry 
and Engineering, United States Department of Agriculture 


EARLIER WORK 


The fact that starch is present in sorgo juices has been known for 
many years. In 1858 Gilbee (3)? was granted a British patent on a 
process for eliminating organic impurities from the juices of saccha- 
riferous plants by the use of alcohol. In 1864 Joulte (6), in recom- 
mending a method of clarification by the use of alcohol, mentioned 
that the alcohol precipitate contained starchy materials, and sug- 
gested conversion to sugar for production of alcohol. Sylvester (10) 
found the starch granules in sorgo juice to be from one eight-thous- 
andth to one six-thousandth of an inch in diameter, as compared with 
one five-hundredth to one four-hundredth of an inch for granules of 
potato starch. Hutchinson (9), in discussing the distribution of 
starch in the sorgo stalk, reported that the iodine test showed no 
starch in green canes. If any blue color was present it was obscured 
by an intense brown coloration. With well-matured canes iodine 
gave an intensely blue color toward the top, which decreased in 
intensity toward the butt. At the beginning of maturity, as indicated 
by the presence of sucrose in the lower part of the stalk, more starch 
was found in the butt than in the top. Janssen, McClelland, and 
Metzger (4) in reporting analyses of sorgo juices from the different 
internodes of the Honey variety stated that starch occurs throughout 
the internodes of the stalk, although it is highest in the middle 
internodes. 

Sherwood (6, 7) reported the starch content of the juices of 15 
varieties of sorgo and proved that starch is the cause of jellying or 
clabbering of sorgo sirups. Willaman and Davison (//), in studying 
the jellying of sorgo sirups, found that 0.32 to 1.15 percent of starch 
is present in normal sirups and 1.17 to 3.36 percent in sirups that 
jelly. Walton and Ventre* found that starch is responsible for slow 
boiling and scorching in the evaporator, and devised a farm-scale 
method for preventing this condition. 

Many investigators have attempted to develop a practicable process 
for utilizing sorgo as a commercial source of sugar (sucrose). Among 
those who also studied the dextrose and levulose content of the stalk 
were Berthelot and Trannoy (2), who reported analyses of sorgo juices 
at eight stages of plant maturity from August 10 to November 30. 
At each stage of maturity the juices contained from approximately 


! Received for publication March 17, 1938. 

1 Italic numbers in parentheses refer to Literature Cited, p. 150, 

3 WALTON, C. F., Jk., VENTRE, E. K., and BYALL, 8. HOW TO PREVENT SLOW BOILING, SCORCHING, 
<a” AND SUGARING OF SORGHUM sSIRUP. U.S. Bur. Chem. and Soils Cir. 6pp. 1935. [Mimeo- 
graphed. 
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two to four times as much dextrose as levulose, and at the two earliest 
stages the dextrose content exceeded the sucrose content. It appears, 
however, that these earlier investigators did not study the crystalliza- 
tion characteristics of sirups made from the stalk as a whole in com- 
parison with those of sirups made from different parts of the stalk. 
Moreover, it must have been assumed that the sugar content of the 
sorgo stalk is similar to that of sugarcane. No report has been found 
of dextrose crystallization in sorgo sirups. 

On the whole the literature indicates that earlier investigators made 
little attempt to correlate composition of the juice and quality of the 
sirup, especially the effect of the content of starch, sucrose, and 
dextrose in the juice on the composition and properties of the result- 
ing sirups. 

In the manufacture of sorgo sirups by the customary methods, the 
effect on the starch and sucrose of continued heating in a slightly acid 
solution should produce a somewhat greater proportion of dextrose in 
the sirups than in the juices. Since both the content of starch and 
sugars in different parts of the stalk and the effect of maturity on the 
composition of the juice must be considered, it is obvious that farm- 
made sorgo sirups present a special case of ‘the system sucrose, dex- 
trose, and levulose in a relatively impure solution containing also 
varying proportions of starch and its degradation products produced 
by the action of heat and acidity during open evaporation. The pur- 
pose of the present investigation was to determine the effect of the 
sugar and starch content of sirups in relation to crystallization and 
re May Sirups made from different parts of the stalk at different 
stages of maturity were compared with those made from the whole 
stalk. Inasmuch as the sirups were made from different portions of 
the same stalk, an opportunity was afforded to study jellying and 
crystallization under uniform agronomic conditions. 


EXPERIMENTAL PROCEDURE 


In continuation of previous work by the authors (12) an investiga- 
tion was conducted in cooperation with the Mississippi Agricultural 
Experiment Station ‘, the four varieties of sorgo (Holeus sorghum var. 
saccharatus) most used for sirup production in that section being 
selected for study. These varieties, designated by the names locally 
assigned to them, had the following ’ varietal characteristics: 


Hodo.—A l\arge-barrel, long-stalk, late-maturing variety. 

Iceberg.—A small-barrel, short-stalk, early-maturing variety 

Honey.—A small-barrel, medium-height stalk, intermediate-maturing, sprangle- 
top variety. 

Gooseneck.—A medium-barrel, medium-height stalk, intermediate-maturing 
variety. 


The stages of maturity were determined by the average maturity of 
the seed heads, described as follows: 


Milk stage-—When the seed heads were out of the og and well formed, and 
the contents when pressed out had the consistence of milk 

Dough-to-ripe stage-—When the contents pressed from the seed heads had the 
consistence of stiff dough, the stage just preceding the hard-dough stage. 

Dead-ripe stage-—When the contents of the seed heads were solid, and the 
glumes were wide open and dry. 


‘The authors wish to express their appreciation for assistance given by the late J. R. Ricks, director, 
and by W. R. Perkins, formerly assistant director, Mississippi Agricultural Experiment Station, in sup- 
plying working facilities and in connection with the agronomic work of this investigation. 
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When the sorgo had reached the selected stage of maturity, the 
stalks were cut even with the surface of the ground and stripped of 
leaves. The seed head and peduncle were removed, and the stalks 
divided at the nodes. The internodes were numbered consecutively 
from the peduncle and segregated in batches according to number. 
Each batch was ground separately in a horse-driven farm mill, being 
passed through the mill twice in order to extract as much juice as pos- 
sible with this type of milling equipment. 

A whole-stalk sample of each variety at each stage of maturity was 
used for comparison. An aliquot portion of the stalks was nes Be 
and stripped clean, after which the seed heads and peduncle were 
removed. This sample was subjected to exactly the same treatment 
as the various batches of internodes. 

The juices expressed separately from each of two consecutively 
numbered batches of internodes were combined, and this juice was 
made into sirup for comparison with the sirup made from the whole 
stalk. The experimental method developed by this Division (8) for 
producing farm-made sirups was used in making all the sirups. Sam- 
ples of the sirups were taken in triplicate and sealed while hot in 
4-ounce, screw-top, glass jars. One sample was used for analysis; 
the other two were stored in a constant-temperature room at 20° C. 
for about 2 years. The sirups were made and analyzed in the fall of 
1935, and the final examination for jellying and crystallization was 
made in February 1938. 

The analytical determinations were made as follows: 

Total solids.—Determined directly on the sirups at 20° C. by the use of the 
Zeiss sugar refractometer. 

Sucrose.—Determined by the Association of Official Agricultural Chemists 
method of double polarization (/), invertase being used as the inverting reagent. 

Reducing sugars.—Determined by the Munson and Walker method (1) and 
calculated in terms of invert sugar. 

Starch was determined by the authors’ modification of the official 
A.O. A.C. method (1) of starch determination in the presence of inter- 
fering polysaccharides. This method may be described briefly as 
follows: 

For the malt reagent grind well-cleaned, new barley malt of high 
diastase activity and prepare an infusion of this freshly ground malt, 
just before it is to be used, by digesting 5 gm. with 100 cc. of water at 
room temperature for 2 hours, or for 20 minutes if the mixture can be 
stirred by an electric mixer. Filter to obtain a clear extract, if 
necessary returning the first portions of the filtrate to the filter. Mix 
the infusion well. 

Wash a 15-gm. portion of the sirup into a beaker with approxi- 
mately 300 cc. of 70-percent alcohol (by volume) and thoroughly mix 
by stirring. 

Wash the precipitated starch free of sugar with additional 70-per- 
cent alcohol by decantation through an alundum crucible (porosity 
R. A. 360). Return the crucible to the beaker containing the washed 
starch precipitate and dry in an oven at 105° C. until free of alcohol. 
Then add 160 cc. of hot water and thoroughly gelatinize the starch at 
boiling temperature in a water bath. (At this point start a control 
to determine the quantity of dextrose derived from the malt reagent. 
This is done by adding 160 cc. of distilled water to a 400-cc. beaker 
and following the same procedure used for the starch determination.) 
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Cool to 50° C. or lower. Add 20 ce. of malt extract reagent and 
place in a temperature-controlled water bath. Keeping the mash 
thoroughly mixed, gradually raise the temperature to 70° in 20 to 30 
minutes. Maintain at 70° for 30 minutes, stirring from time to time; 
then increase the temperature to 80° and keep it at that temperature 
for 10 minutes. Finally heat to the boiling point. Keep the mixture 
well stirred. Cool the contents of the beakers and the water bath to 
55°. Add another 20 ec. of the malt-extract reagent, mix well, and 
hold at 55° for 1 hour, stirring about once every 10 minutes. At the 
termination of the digestion increase the temperature rapidly to 
above 80°. 

Transfer to a 500-cc. volumetric flask and add 316 cc. of 95-percent 
aleohol, a little at a time, shaking between additions. Wash the 
crucible and beaker with hot water and use the washings to make up 
to the mark. Filter through a dry filter paper and evaporate the 
filtrate to a volume of 15 to 20 ce. or until free from alcohol. 

Transfer the aqueous residue to a 200-ce. volumetric flask. Wash 
the beaker with hot water, using a rubber-tipped rod to recover any 
dextrin present, and add the washings to the volumetric flask. Allow 
it to cool, and then complete the volume to 200 cc. Transfer the 
contents to a suitable digestion flask, add 20 ce. of hydrochloric acid 
(specific gravity 1.125), made by diluting 68 cc. of strong acid (sp. gr. 
1.19) to 100 ce., and connect the flask with a reflux condenser. Heat 
in a boiling water bath for 2% hours Cool and transfer to a 250-cce. 
volumetric flask. Partly neutralize, while stirring, by adding 10 ce. 
of strong caustic soda solution (44 gm. NaOH per 100 cc. of H,O), and 
complete neutralization with a little anhydrous Na,CO;. Cool to 
room temperature and make up to the 250-cc. mark. 

Determine the dextrose in a 50-ce. aliquot. Correct the weight of 
dextrose obtained by subtracting the weight of dextrose obtained in a 
50-ce. aliquot of the malt reagent control. Multiplying this value 
by 0.9 gives the weight of starch in the 50-cc. aliquot. This value 
< %s >< 100= the percentage of starch in the sirup. 


EXPERIMENTAL RESULTS 


Tables 1, 2, 3, and 4 give the sucrose, reducing sugars, and starch 
content of the sirups, and the calculated amounts of each in grams 
per 100 gm. of water as determined by the refractometer. The tables 
also show the ratio of sucrose to reducing sugars, the ratio of reducing 
sugars to sucrose, and the type of crystallization and jellying, if any. 
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Sucrose crystallized from 21 sirups, dextrose crystallized from 45, 
and 26 jellied. Only 2 sirups neither crystallized nor jellied. Eleven 
of the 26 sirups that jellied crystallized sucrose, 6 crystallized dextrose, 
and 9 jellied without crystallization. 

With the exception of sirups from the Honey variety at the two 
later stages of maturity, when this variety dropped its seed and 
branched prolifically (12), the different sirups showed the following 
general tendencies. 

DEXTROSE CRYSTALLIZATION 


Reducing sugar content and its ratio to sucrose content were higher 
in sirups made from less mature sorgo and, in general, in sirups made 
from the lower portions of the stalk at each stage of maturity. 

Dextrose crystallization was correlated with the ratio of reducing 
sugars to sucrose, occurring in 45 sirups in which this ratio was greater 
than 1. It did not occur, however, in 4 sirups in which this ratio 
was greater than 1. 

The number of portions of the stalk giving sirups that crystallized 
dextrose decreased with maturity. 

Dextrose crystallization occurred in sirups from all four varieties, 
but the extent varied. 


SUCROSE CRYSTALLIZATION 


Sucrose content and its ratio to reducing sugars were higher in 
sirups made from more mature sorgo and, in general, from the upper 
portions of the stalk. 

Sucrose crystallization was correlated with the ratio of sucrose to 
reducing sugars, occurring in 21 sirups in which this ratio was greater 
than 1. It did not occur, however, in 7 sirups in which the ratio was 
greater than 1. 

The number of portions of the stalk giving sirups that had ratios 
of sucrose to reducing sugars greater than 1 and which crystallized 
sucrose increased with 1 maturity. 

Sucrose crystallization occurred in sirups from all four varieties, 
but the extent varied in sirups from the different varieties. 


STARCH 


In general, the starch content was highest in sirups made from the 
upper internodes, and decreased progressively in sirups made from 
internodes toward the bottom of the stalk. As a rule, both the num- 
ber of sirups that jellied and their starch content increased with 
maturity of the sorgo. 

Jellying was correlated largely with high starch content of the 
sirups, although it also depe inded on the content of starch per 100 gm. 
of water. The minimum amount of starch per 100 gm. of water in 
sirups in which jellying occurred was 2.25 gm. (in sirup No. 29). 

High starch content and the resulting jellying grt to have in- 
hibited sucrose crystallization in five sirups (Nos. 14, 15, 20, 28, and 
41) and dextrose crystallization in four (Nos. 17, 35, 36, 52). 

In tables 5 and 6 the sirups are regrouped according to their crystal- 
lizing and jellying characteristics. 
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Sucrose and starch content of sirups grouped according to tendency to 


SIRUPS THAT CRYSTALLIZED SUCROSE BUT DID NOT JELLY 











» SUCROSE AND 


Sucrose eithinds 
< nt Starch 
Sirup to re- | Per 100 
No On | Per 100) Per 100) 3050, | gm. of 
sirup | gm.of | gm.of one . water 

basis solids | water | SU#ar 
Percent | Grams | Grams Grams 
s 39. 97 50.40 | 193.09 1, 22 91 
45 41.79 53.99 | 184.91 1.32 2.19 
62 46. 78 59.83 | 214. 58 1. 86 2. 40 
63 48.15 59.16 | 258. 87 1. 64 2. 40 
‘4 39. 36 50. 66 176. 50 1.15 1.81 
SIRUPS THAT CRYSTALLIZEI 
if 38. 30 49.74 1. 20 3. 34 
29 40. 58 52. 49 1. 27 2. 25 
42 52. 38 63. 95 2. 43 4. 66 
43 32 65. 53 2. 26 3. 46 
44 47.24 0). 63 1.74 2. 32 
1s 47.99 67.62 | 165. 48 3. 23 3. 98 
SIRUPS THAT HAD RATIOS OF SUCROSE 
BUT DID NOT CRY 
7 34. 37 46.63 | 130.68 1.15 1. 68 
14. 41.33 54.52 | 170.78 1.74 3. 57 
15 44. 21 57.48 | 191. 38 1.77 3. 59 
2a 37. 40 50.46 | 144. 40 1. 21 2. 60 


TABLE 6. 


| Sucrose 
Sirup 

No. On Per 100 
sirup | gm.of 

basis | solids 

Percent | Grams 

70. 52. 2 65. 04 
71 53. 44 45. 72 
72 47.54 61.49 
73 42. 69 55.15 
77. 39. 36 52. 26 


Per 100 | 
gm. of 
water 


Grams 
265. 12 
285. 77 
209. 42 
188. 89 
159. 35 





Ratio 
of su- | Starch 
crose tc| per 100 
reduc- | gm. of 
ing water 
sugars 
Grams 
2.50 3. 87 
2. 2% 2.91 
1 2.17 
1. 3: 1,40 
1.19 1. 76 


ALSO JELLIED 





49. 55. 41 69. 29 
5O 49. 21 64. 10 
51 45. 12 
53 52. 08 

47 46. 33 59. 77 


277.05 
212. 11 
217. 97 





51 
91 


205. 


roe nmw 
uJ 





noe ore 


TO REDUCING SUGARS GREATER THAN | 


STALLIZE SUCROSE 


== 38. 76 48.75 
ad 37. 40 47. 58 
_ 36. 49 48. 66 


jelly and to crystallize dextrose 
SIRUPS THAT CRYSTALLIZED DEXTROSE BUT DID NOT JELLY 


Reducing sugars as 


189. 07 
174. 76 | 
145. 96 


invert sugar 


Ratio of 








reduc- | Starch 
Sirup ] ing per 100 
No On Per 100 | Per 100 | Sugars | gm of 
sirup | gm. of gm. of to onl water 

basis | solids | water | TS 
Percent | Grams | Grams Grams 
1 52.45 66.13 | 253. 38 3. 23 1.91 
2 580.57 | 67.33 | 203.09 2. 61 1.08 
3 51. 90 66.02 | 242. 52 2 36 1.10 
4 ‘4.05 69.37 | 244.57 2.78 . 88 
5 65. 95 86. 20 | 280. 63 11. 46 70 
6 64. 50 87.03 | 249. 03 15. 21 27 
9 39. 90 53. 41 57.70 1. 34 1.12 
10 48. 24 66.90 | 172.90 2. 39 . 56 
1] ii. 11 72.12 | 240.81 3. 37 . 39 
12 56. 63 72.32 | 260. 96 3. 43 | 39 
= 36. 80 48.74 150. 20 1.10 | &3 
18 43. 49 170. 54 1. 46 | 1. 69 
19 40. 81 149. 49 1. 64 1. 54 
24 57. 55 217.17 4.42 1.77 
25 65.75 231. 51 22. &3 1. 37 
26 65. 30 245. 49 48.01 -97 
31 44. 5) 167. 92 172] 207 
32 54.95 233. 83 3. 21 2. 37 
33 56.15 204. 93 5. 29 1. 48 
34 45. 25 166. 36 1. 87 1.90 
SIRUPS THAT CRYSTALLIZED 
21 38. 80 50.01 | 173. 21 1.61 3. 67 
22 45. 55 56.82 | 230.05 1. 66 | 3. 28 
23 56. 20 69.07 | 302.15 2. 69 2. 67 


SIRUPS WITH 


35. 89 
35 40. 75 


RATIOS OF REDUCING S8U¢ 
DID NOT CRYSTALLIZE 


47. 36 
52. 98 


147. 69 
176. 40 


1. O8 
1. 68 


2. 36 
2. 40 


Reducing sugars as 
invert sugar 


Sirup — aon ” 

No. On | Per 100!Per 100 
sirup | gm.cf | gm.of 
basis solids | water 

Percent | Grams | Grams 
37 50.02 | 70.14 | 174. 28 
40 63. 05 88.12 | 227.61 
46 38. 37 51.64 | 149. 30 
i4_. 40. 40 54.81 | 153.61 
55 37.17 47.65 | 168.95 
56 40. 50 55.24 | 151. 68 
57 47. 25 65.62 | 168.75 
58 54. 95 7 192. 80 | 
59 200. 70 
Ll) 216. 36 
61 : 
65 
66 
67 
68 
74 
76 
27 





DEXTROSE AND ALS( 


20... 38.20 | 50.32 | 158. 50 | 
38 | 48.10 | 65.61 | 180.15 | 
39. 62.75 | 88.12 | 217.88 


#ARS TO SUCROSE GREATER THAN 
DEXTROSE BUT JELLIED 


| | 
40. 530 
38. 32 


) 
>) 


5. 62 
48. 96 





202. 50 | 
176. 59 | 


1.31 2. 56 
1.05 3. 74 
1. 06 1. 29 


Sucrose and starch content of sirups grouped according to tendency to 


Ratio of 


) JELLIED 


reduc- | Starch 
ing per 100 
Sugars | gm.of 
to su- | water 
crose 
Grams 
2. 78 1. 66 
11. 26 2. 16 
1, 21 1.70 
1. 58 1. 65 
1. 04 1. 34 
1.41 66 
2.17 9 
3. 82 55 
4.73 25 
7.22 14 
2. 17 .49 
1, 24 1.17 
1. 96 1.01 
3. 03 . 
3. 39 45 
1.04 1.00 
1.17 . 81 
1. 07 76 
2. 3 1. 94 
' 
1.10 2.74 
2. 14 2.77 
11. 84 2. 29 
1 THAT 
1. 26 3.00 
1. 08 3.17 
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The sirups that crystallized sucrose but did not jelly are grouped in 
the first part of table 5. Sirup No. 77 had the lowest sucrose content 
per 100 gm. of water, 159.35, and sirup No. 64 had the lowest ratio of 
sucrose to reducing sugar, 1.15. In four sirups, Nos. 62, 63, 70, 71, 
the content of starch per 100 gm. of water was greater than 2.25 gm., 
which as previously noted was the minimum starch content of the 
sirups that jellied. High ratios of sucrose to reducing sugar and a 
relatively high content of sucrose per 100 gm. of water characterized 
these particular sirups. 

The sirups that crystallized sucrose and likewise jellied are grouped 
in the second part of table 5. The minimum ratio of sucrose to reduc- 
ing sugars in this group was 1.20, and the minimum content of sucrose 
per 100 gm. of water was 165.48, both of which are higher than the 
minimum values in part | of this table. The higher values for these 
sirups were probably due to the influence of jellying on crystallization. 

Seven sirups with ratios of sucrose to reducing sugars greater than 1 
which did not crystallize sucrose are listed in the last part of table 5. 
Five of these seven sirups jellied, which probably inhibited crystal- 
lization. Thirty-nine sirups that crystallized dextrose, but did not 
jelly are listed in the first part of table 6. The minimum content of 
dextrose per 100 gm. of water was 149.30 gm., with a minimum ratio 
of reducing sugar to sucrose of 1.04. 

Data on six sirups that crystallized dextrose and also jellied are 
given in the second part of table 6. In these the proportion of reduc- 
ing sugars per 100 gm. of water was greater than the minimum value, 
149.30, in part 1. The ratios of reducing sugars to sucrose were also 
greater than the minimum value, 1.04, in the first part of this table. 
Probably the increase was due to the influence of jellying on dextrose 
crystallization. 

The last part of table 6 presents data on four sirups with ratios of 
reducing sugar to sucrose greater than the minimum in part 1. All 
four of these sirups jellied, as will be noted by referring to tables 1 to 4, 
and three exhibited a greater content of reducing sugars per 100 gm. 
of water than the minimum in part 1. Here, again, the effect of jelly- 
ing on crystallization is apparent. 


CONCLUSIONS 


From data obtained in a critical examination of 67 samples of sirup 
made from parts of the sorgo stalk and of 10 samples made from the 
whole stalk, the following conclusions are drawn. 

The starch content and jellying of sorgo sirups are correlated and 
increase with maturity of the sorgo. The upper portions of the stalk 
produce sirups higher in starch content. The number of parts of the 
stalk yielding sirups that jelly increases with maturity. 

Sucrose crystallization occurs most frequently in sirups made from 
the upper part of the sorgo stalk. The number of parts of the sorgo 
stalk yielding sirups from which sucrose crystallizes increases with 
maturity. 

Dextrose crystallization occurs most frequently in sirups made from 
the lower portions of the stalk. The number of portions of the stalk 
yielding sirups from which dextrose crystallizes decreases with ma- 
turity. 
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Within the range of densities applying to farm-made sorgo sirups, 
either sucrose or dextrose may crystallize from sirups from different 
parts of the same stalk. In this study it was found that when the 
ratio of sucrose to reducing sugars in the sirup was 1.15 or greater 
sucrose crystallized and when the ratio of reducing sugars to sucrose 
was 1.04 or greater dextrose crystallized. 

As a factor in the quality of sorgo sirup, crystallization of dextrose 
is as important as crystallization of sucrose. 

By proper selection of the parts of the stalk for milling, either 
sucrose or dextrose may be obtained from the sorgo plant. 

Jellying and either sucrose or dextrose crystallization may occur in 
the same sirup. 
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THE PREPARATION AND PAINTING OF MAPLE-SUGAR- 
PRODUCING EQUIPMENT’ 


By C. O. Wiuits, associate in research, and C. J. Tressier, Jr., assistant in 
research, Department of Chemistry, New York State Agricultural Experiment 
Station 


INTRODUCTION 


Examinations by State and Federal authorities have disclosed the 
fact that maple sirup and other maple products offered in commerce 
sometimes contain a considerable quantity of lead. Occasionally 
the quantity is large enough to make the products unsafe for con- 
sumption. The maple sap as it comes from the tree has been proved 
by experiment to be lead-free. The lead must, therefore, be accumu- 
lated between the time the sap leaves the tree and its final processing. 
This limits the source of contamination to the lead-bearing surfaces 
of the processing equipment. These sources may be the lead-tin 
alloy (terneplate) coating used on some iron buckets, storage tanks, 
and evaporators; the lead-tin solder used in some of the joints of the 
metal equipment; or a paint, high in lead content, used to cover the 
tin-plated and wooden buckets and storage tanks to keep them from 
weathering. 

Since all maple products produced in lead-free equipment are 
lead-free, a simple method of eliminating the danger of contamination 
would be to replace all equipment that has any lead-bearing surfaces. 
The cost of such a program would be prohibitive, however, and 
would force many maple producers out of business. A suitable 
material must, therefore, be found to cover up the old lead-bearing 
surfaces and to protect the tin-plated? and wooden buckets from 
weathering. 

Such a covering may be any one of several types of paints, var- 
nishes, lacquers, resins, etc., and the choice may be governed by 
many factors, the most important of which is the absence of lead. 
The coating should spread well when applied with a brush or as a 
spray. It should wear well and not chip, crack, blister, or peel 
when exposed to the action of sour sap, the temperature of boiling 
cleaning solutions, or mechanical shock unavoidable in the handling 
and storing of equipment. 

Of the materials manufactured that might be suitable as a pro- 
tective coating for maple-sirup-producing equipment, 20 were tested 
in the laboratory. Of these, only 8 were sufficiently low in lead 
(less than 100 parts per million) to be acceptable and so subject to 
further tests. It was found in these tests that the fact that a paint 
did not have its lead content printed on the label or indicated by the 
name was no proof that it did not contain lead. For example, 4 of 
the 6 aluminum paints submitted were discarded because they con- 
tained from 4 to 25 times too much lead. 


1 Received for publication December 1, 1938. Journal Paper No. 290 of the New York State Agricultural 
Experiment Station. 

? Some of the tin-plated equipment has such a thin layer of tin that in a year or two it rusts through, and 
so must be — 
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The eight paints that passed the lead test were further examined 
in the laboratory and subjected as nearly as possible to all the con- 
ditions that would be encountered in the sugarbush. As a result of 
these tests, the paints were recommended to producers in the follow- 
ing order: (1) Kauri Grey Bakelite Resin Enamel, (2) Duco Alumi- 
num, (3) Interior Tank Finish Aluminum, (4) S-W Bucket White 
Enamel, (5) du Pont Aluminum Paint 354-758, (6) G. L. F.* Lead-free 
Aluminum, and (7) Plicote Laboratory Aluminum Paint. Since 
laboratory tests often fail to show the same results that would be 
obtained under actual working conditions, the first three paints 
named, those judged best in the laboratory, were tried out in the 
sugarbush. The other five were not given field trials because there 
was not time enough to make provisions for conducting additional 
trials. 

MATERIALS AND METHODS 


Since the paints were to be tested under actual operating conditions, 
the cooperating producers were told only how to prepare the buckets 
for painting and the temperatures at which to apply the paint. The 
method of application was left to them. Only buckets were painted 
in these trials because they are undoubtedly the greatest source of 
lead and because they were best adapted to the experimental work. 
It was deemed desirable to have the selection, preparation, and 
painting of the buckets done by the producers in their own way, so 
that the results obtained would be an indication of what might be 
expected when the paints recommended were in general use. 

Since the length of a sap season is dependent entirely upon the 
weather, and since as wide a range of weather conditions as possible 
was desired for the field trials, the paints were tried in both St. Law- 
rence and Cortland Counties. The tests in St. Lawrence County 
were made to determine the effectiveness of the paint as a coating 
to prevent contact of the sap with the leaded surfaces. The effective- 
ness was measured by the amount of lead found in the sap throughout 
the season. The tests in Cortland County were made only to 
furnish additional information on the durability of the paint. 

The producers cooperating in these experiments were selected 
because the sirup produced in their bushes during the 1937 season 
had been high in lead. The buckets used in the bush of one producer 
were all tin-plated and well covered with a white-lead paint. Those 
of another producer were all painted wooden buckets, and those of a 
third were painted wood, tin- and terne-plated buckets. 

Each producer divided the buckets that were to be painted into 
two groups. The buckets of one group had only the loose paint 
brushed out and were then washed. Those of the other group had 
all the old paint removed, special care being taken to remove all of it 
from around the seams as well as from the side walls and bottom. 
To do this it was necessary to use a paint remover. The one recom- 
mended was a 10-percent, or stronger, solution of commercial tri- 
sodium phosphate; and it proved entirely satisfactory both from the 
standpoint of ease of handling and cost. The solution is most con- 
veniently made by adding 1 pound of the powder to 1 gallon of 
water, either boiling or cold. This can be poured into the buckets 
cold and then heated or the boiling solution can be poured into the 
buckets. The best and easiest way, when a large number of buckets 





3 Letters refer to Grange, Dairyman’s League, and Farm Federation. 
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are to be cleaned, is to make up a sufficient volume of the phosphate 
solution in a large container, such as a scalding kettle, heat it to boil- 
ing, and dip each bucket i in, ‘then take it out and rinse. This concen- 
tration of trisodium phosphate is alkaline but not as dangerous to use 
as lye. The producers were warned to put their hands into the phos- 
phate solution as little as possible and then to wash them with plenty 
of water. This solution when hot will remove old paint from buckets 
in from 2 to 15 minutes. After the paint is loosened, the phosphate 
solution is emptied out and the pail washed thoroughly with water to 
remove the last traces of the phosphate. If the phosphate is not 
completely removed, the new paint will blister. 

The buckets were prepared for these experiments in February, and 


: all the work of paint removal, washing, drying, and painting was done 
in a warm room. After the buckets were washed and rinsed, they 

were allowed to dry 3 to 7 days before they were painted. At least 

one of each type of bucket—tin, terne, and wood—from which the 


old paint had been entirely removed by the phosphate treatment, 
was painted with each of the test paints. All the buckets of the three 
types from which only the loose old paint had been removed were 
similarly treated. All of the newly painted buckets were cured for 
3 weeks before they were used. At the beginning of the sap-running 
season, the trees were tapped by the producers and the buckets, as 
described in table 1 , hung in each bush. 

At the end of each run, a sample of sap was collected from each of 
the trial buckets, transferred to glass lead-free containers and taken to 
the laboratory. In the case of the buckets where the test paint was 
applied over the old paint, a composite sample was made up of ali- 
quots taken from each of several buckets. More attention was 
given to the buckets in which the trial paint was applied over the old, 
for if satisfactory, this would be the easier way for a producer to paint 
his equipment. 

When the sample was taken from a single bucket, 1 gallon of sap 
was used for analysis; when the sample was taken from several 
buckets, 2 gallons were used. The glass containers were made lead- 
free by washing first with strong alkali, then with strong nitric acid 
and rinsing with lead-free water. At the laboratory the sap was 
transferred to gallon enamel stockpots, which had likewise been 
treated to make them lead-free, and evaporated down to a volume 
that contained approximately 30 percent of sugar, which is about 
one-half the concentration of maple sirup. This gave a volume of 
nearly 250 cc. The sap was not evaporated to the density of sirup 
because the volume of the resulting solution would have been insuf- 
ficient for making the analysis and for determining the exact moment 
at which to stop the evaporation when it reached a density of 32° 
Baumé. At no time was the sap filtered, for any cellulose filtering 
medium, cloth or paper, might absorb some of the lead. 

When the sap had been sufficiently concentrated by evaporation, 
it was cooled to 20° C. and its specific gravity taken. From the spe- 
cific gravity of each sample the weight of this dilute sirup which would 
give 10 gm. of 11-pound-per-gallon sirup was calculated. This 
calculated weight of the dilute sirup was used for the lead analysis. 
The method of analysis was a modification of the rapid colorimetric 
method of Perlman.* The results, reported in parts per million, are 


_* PERLMAN, J. L. RAPID COLORIMETRIC DETERMINATION OF LEAD IN MAPLE SIRUP. Indus and Engin. 
Chem., Analyt. Ed. 10: 134-135. 193%. 
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shown in table 1. The three maple sugarbushes in which these 
experiments were conducted were in locations sufficiently different to 
give a different number of runs of sap. After a sample was collected 
the bucket was emptied. The time at which the sap started to run 
again and the time at which the next sample was taken were recorded 
in order to find the length of time that the sap stood in the bucket. 
The daily temperature at 8 a. m., noon, and 8 p. m. were also recorded. 
These values are given in table 2. 
TABLE 1.—Lead content of maple sap collected during 8 runs in sap buckets of 
different types having different surface coatings 


Condi- Lead in run number— 
tion of 


suck ty 
Bucket type | surface ! 


Paint used ? a : om = 


P.p.m. P.p.m.| P.p.m.| P.p.m. P.p.m. P.p.m. P.p.m.| P.p.m. 


Control.| Old paint left on..| 2.00 | 3.38 | 2.30 .----| 3.05 | 3.10 6. 02 

OPR Kauri. .40 . 38 - 16 10 «6.30 . 52 - 80 |... 

do ed 15 r = .16 82 2.05 |... 2. 58 
Tin plate......(OPR-_...| ITF... 2 . 50 0 0 0 a.) . i = 

OP. do . 04 . 40 -27 . 80 1.20 1. 60 . 82 1, 27 

OPR DA A .12 a | = 45 69 1. 28 1.53 1.38 

OP do ; 28 75 . 33 35 | 2.19 | 3.49) 3.64 5. 10 

Control_| Old paint Left on- 1. 67 j 7 1. 86 |.- > 5. 50 12.80 

lorr of Sceccoce 0 ae -17 57 , | eee 
Terneplate *_.|,;O0P__. | 0 = 0 10 32 . 87 7. 98 

Control.| Original surface. -. | -- ee SE .10 1. 83 2.01 4.0 

OPR ITF . )/ eo F 0 15 1.39 . 55 

Control_| Old paint left on . 22 . 26 . 30 . 98 4. 26 6. 30 

OPR.. Kauri. : 13 26 1.77 3. 07 12. 30 

OP do : 7 . 38 27 |.. 1.00 -27 5. 64 
Wood .(OPR ,» : 3 eae .23 63 3. 27 5. 84 11. 65 

OP... .do sia aes . 36 45 |. 83 

OPR DA... son . . 22 10! 0 38 1.77 

OP Tienes : ‘ 07 . 08 41 .70 1. 56 


OPR-=old paint entirely removed; OP =over old paint. — ; 
? Kauri=Grey Bakelite Enamel; IT F=Interior Tank Finish Aluminum; DA = Duco Aluminum. 
Under terneplate there are 2 controls—(1) old paint, (2) original surface. 


TABLE 2.—Time that sap stood in buckets per given run and its temperature during 
this period 





a : a ae To. _ se : lemperature 
a rime in buckets in Temperature recorded range for ran aiid 
a a aS <2 i Lentinabnetdiasivasdituiesimaniel ————| %eil- 
perature 
Bush A | Bush B | Bush C 8a.m.| Noon | 8p.m Highest | Lowest 
Hours Hours Ilours > ° 7. > 7. » 5. °F °F. 
1 96 |_. ae 96 Mar. 22 35 | 60 38 60 38 40 
o 45 f 23 54 62 47 67 32 45 
bi ; Be aatiat ai aes \ 24 32 42 are _ a= P — ‘. 
3 24 ® 4lo 25 36 | a 38 36 37 
oa ‘ 4 29 43 56 44 68 43 47.5 
‘ 36 4 24 { 20 50 68 sia 
31 54 | 52 6 56 20 
Apr. 1 38 41 34 
2 31 (A 7a 
ar € » 
‘ 1 168 1 168 1 168 } = = | =. 37.5 
| 6 30 35 32 
7 32 36 29 
. 34 
J 7 Eien 39 29 39 30 
6 48 48 48 9 32 30 29 37.5 
| il r a: Sa ce Lie 
| ; TOES ENPET 50 50 35 
7 48 48 48 12 43 45 35 44.5 
13 35| 64 soem 
4 mn hi 48 72 45 P 
14 58 72 Dt Liduwuéndmiownade =. 
8 132 96 15 53 50 0) _ 54.5 
16 45 | 65 50 ; oe 
18 54 68 


1 About 120 hours as ice and 40 hours as liquid. 
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EXPERIMENTAL RESULTS 


A comparison of the values given in table 1 is shown in figure 1. 
The mean temperatures are given in table 2. 
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Figure 1.—Lead content of maple sap collected during eight successive runs in 
sap buckets of different types having different surface coatings: A, Tin-plated 
buckets; B, terneplate buckets; C, wooden buckets. 


Comparing the lead dissolved by the sap in the control buckets 
where the sap was not protected from the leaded surfaces (fig. 1, 
A, B, C), the lead values are found to follow closely the mean tem- 
perature. This finding indicates that the lead-dissolving power of 
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the sap increases with increase in temperature; thus the higher the 
temperature the more lead dissolved. This no doubt is accounted 
for by the fact that the higher temperatures are optimum for the type 
of acid fermentation that occurs in the sap, and the amount of lead 
dissolved is directly proportional to the concentration of acid developed 
(the souring of the sap). During the first four runs of the sap the tem- 
peratures were low enough so that little or no fermentation took place. 
Consequently little acid was formed and the lead-dissolving power 
of the sap in all buckets was almost zero, the sap in the control buckets 
being nearly as low in lead as in the buckets that were protected by 
the trial paints. By the end of the fourth run the temperatures began 
to rise except during a freeze, that occurred in the middle of the fifth 
run. From that time on, the sap of the control buckets dissolved 
more lead on each successive run. The lead content of the sap, that 
was collected in buckets painted with the test paints remained almost 
constant throughout the season regardless of the test paint used, 
showing that the paints were about equally effective. The sap of the 
last run was allowed to stand in the buckets 132 and 96 hours. This 
is longer than a producer ever allows it to stand. Since the tempera- 
ture at this time was high, the acidity of the sap was correspondingly 
high. This standing of the sour sap in the test buckets for so long a 
period subjected the paints to a severer test than they would have 
had under regular operating conditions. All three paints withstood 
this prolonged action of the warm, weak acid. 

A comparison of the lead content of sap samples taken from the 
metal buckets, tin and terneplate, showed that the greatest protec- 
tion afforded by the three paints was generally obtained when they 
were applied after the old paint has been entirely removed. Samples 
taken from the metal buckets where the test paints had been applied 
over the old paint contained from three to four times as much lead 
(fig. 1). 

In the wooden buckets where the trial paints had been applied on 
surfaces from which the old paint had been entirely removed the 
amount of lead dissolved by the sap was much higher than in the 
buckets where the trial paints were applied over the old paint (fig. 1, 
©). This result, which is just the reverse of that obtained with the 
metal buckets, may have been due to the action of the paint remover 
on the wood fibers underlying the old paint. 

All three of the paints when applied on wooden buckets, whether 
or not the old paint had been previously removed, withstood the 
effects of one sugar season very well. They neither chipped, blistered, 
nor peeled. This may have been due to the rigidity of the buckets 
and to the wood fiber surfaces upon which the paint was applied. The 
Grey Bakelite Resin Enamel at the end of the season showed some 
chipping on the bottom of some of the metal buckets, caused probably 
by the bulging of the bottoms during the freeze and the inability of 
the paint to follow the expansion of the metal because of its brittle- 
ness. No chipping of the bakelite enamel was shown in the earlier 
laboratory tests. 

The two aluminum paints gave no evidence of chipping, blistering, 
or peeling from any of the buckets on which they were used, except 
in one bush where they were applied over old paint on metal buckets. 
There, toward the end of the season, a few showed blistering. 




















July 15,1939 Preparation of Maple-Sugar-Producing Equipment 157 





No one of the three paints had any effect upon the color, odor, or 
flavor of thesap. Each of the three producers expressed his preference 
for a different paint. 

The producers cooperating in the Cortland County tests prepared 
and painted their buckets in a manner similar to that of the St. 
Lawrence County producers, but their buckets were not inspected 
until 1 month after the sugar season was over. The buckets had been 
stored away and so showed not only the effects of the use in the sugar- 
bush, but also that of handling at the time of storage. Fortunately, 
these buckets were stored by the nesting method, a method of storing 
that causes more abrasion than the stagger stack method. In these 
trials another paint, S-W Bucket White Enamel, was tried in addition 
to those that were tested in St. Lawrence County. No day-by-day 
record of temperature was kept. The season was extremely warm 
with only one hard freeze. This was excellent weather for testing the 
maple-sap bucket paints, the freeze being favorable to the chipping of 
the brittle paints, such as the two enamels, and the warm weather 
to the production of acid sap, which might cause blistering and sub- 
sequent peeling of the paint. 

The results of these tests were as follows: 

(1) The Bucket White Enamel was the hardest to apply, but when 
applied to wooden buckets it was entirely satisfactory. When applied 
to metal buckets, however, two out of every eight showed cracking and 
chipping. This paint gave no odor after 3 weeks of curing. 

(2) The Kauri Grey Bakelite Resin Enamel was very easy to apply 
and gave much better coverage than the Bucket White. It stood up 
very well on the wooden buckets, but 1 out of every 10 of the metal 
buckets showed chipping. It still gave off a slight odor 3 weeks after 
painting. 

(3) The Interior Tank Finish Aluminum stood up well on the 
wooden buckets, but when used on metal buckets 1 out of 12 showed 
peeling. This paint, like the Kauri, gave a slight odor after curing 
for 3 weeks. 

(4) The Duco Aluminum was found by all the producers to be the 
“asiest to apply. At the time of inspection, it was still entirely satis- 
factory, whether used on wooden or metal buckets. This paint, like 
the Bucket White Enamel, gave no odor after 3 weeks of curing. 

The coverage, in number of buckets per quart of paint, was greatest 
for the aluminum paints. Next was the Kauri; the Bucket White 
Enamel gave the least satisfactory coverage. Eighty percent of the 
metal buckets in the Cortland County trials had never been painted 
before; where there was an old painted bucket of a given type used 
in the trials, there was a corresponding unpainted bucket. When 
there was chipping or peeling of the test paints, it occurred as often 
in the buckets in which the paint was applied over old paint as in those 
in which it was applied directly to the metal surfaces. This removes 
any question as to the chipping or peeling of the test paint being 
an aftereffect of the treatment by a paint remover. The producers 
noticed no color, flavor, or odor that might have been imparted to the 
sap or sirup by the test paint in any of these trials. 
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SUMMARY 


The three paints, Kauri Grey Bakelite Resin Enamel, Interior 
Tank Finish Aluminum, and Duco Aluminum produce coatings that 
are very effective in keeping the lead of the leaded surfaces of sap 
buckets from being dissolved by the sap under normal conditions, the 
first two named being somewhat better in this respect than the Duco 
Aluminum. In commercial practice the great danger of excessive 
lead in maple sirup arises from the collection of sap ‘under abnormal 
conditions, that is, where the sap has become very sour and is then 
allowed to stand in the buckets for a long time. Under these condi- 
tions the paints were, in a few cases, ineffective. 

When painting metal buckets that have been painted before, the 
best results are obtained if the old paint is entirely removed. 

A 10-percent solution of commercial trisodium phosphate, when 
used at or near the boiling temperature, is a very cheap and effective 
paint remover. 

For wooden buckets that have been previously painted, better 
results are obtained if the new paint (any one of the approved ones), 
is applied over the old, any loose old paint being first removed by 
brushing. 

If allowed to cure for at least 3 weeks after painting, none of the 
paints used in these experiments imparted any color, flavor, or odor 
to either the sap or the sirup. 





